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REGULATION OF HUMAN HISTONE DEACETYLASE 
TECHNICAL FIELD OF THV. TNyRNTTOIvr 

5 

The invention relates to the area of enzyme regulation. More particularly, the 
invention relates to the regulation of human histone deacetylase and its regulation. 

BACKGROUND OF THE INVENTION 

10 

Histone deacetylase and histone acetyltransferase together control the net level of 
acetylation of histones. U.S. Patent No. 6,110,697; Cress & Seto, 1 Cell Physiol 
184, 1-16, 2000; Hu et al, X Biol Chem. 275, 15254-64, 2000; Davie & Spmcer, J. 
Cell Biochem, Suppl 32-33, 141-48, 1999. Inhibition of the action of histone 
15 deacetylase results in the accumulation of hyperacetylated histones, which in turn is 
implicated in a variety of cellular responses, including altered gene e>q>ression, cell 
differentiation and cell-cycle arrest. Thus, agents which regulate the activity of 
histone deacetylase can be useful as ther^eutic agents for a wide variety of disor- 
ders. 

20 

SUMMARY OF THF. INWNTTON 

It is an object of the invention to provide reagents and methods of regulatiag a 
human histone deacetylase. This and other objects of the invention are provided by 
25 one or more of the embodiments described below. 

One embodiment of the invention is a histone deacetylase polypeptide comprising an 
amino acid sequence selected from the group consisting of: 

30 amino acid sequences which are at least about 52% identical to the amiao acid 
sequence shown in SEQ ID NO: 2; and 
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the amino acid sequence shown in SEQ ID NO: 2. 

Yet another embodiment of the invention is a method of screening for agents which 
5 decrease extracellular matrix degradation. A test compound is contacted with a 
histone deacetylase polypeptide comprising an amino acid sequence selected from 
the group consisting of: 

amino acid sequences which are at least about 52% identical to the amino add 
10 sequence shown in SEQ ID NO: 2; and 

the amino acid sequence shown in SEQ ID NO: 2. 

Binding between the test compound and the histone deacetylase polypeptide is 
15 detected A test compound which binds to the histone deacetylase polypeptide is 
thereby identified as a potential agent for decreasing extracellular matrix degradation. 
The agent can work by decreasing the activity of the histone deacetylase. 

Another embodiment of the invention is a method of screening for agents which 
20 decrease extracellular matrix degradation. A test compound is contacted with a poly- 
nucleotide encoding a histone deacetylase polypeptide, wherein the polynucleotide 
comprises a nucleotide sequence selected from the group consisting of: 

nucleotide sequences which are at least about 50% identical to the nucleotide 
25 sequence shown in SEQ ID NO: 1; and 

the nucleotide sequence shown in SEQ ID NO: 1. 

Binding of the test compound to the polynucleotide is detected- A test compound 
30 which binds to the polynucleotide is identified as a potential agent for decreasing 
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extracellvdar matrix degradation. The agent can work by decreasing the amount of the 
histone deacetylase through interacting with the histone deacetylase niRNA. 

Another embodiment of the invention is a method of screeaing for agents which 
S regulate extracellular matrix degradation. A test compound is contacted with a 
histone deacetylase polypeptide comprising an amino acid sequence selected firom 
the group consisting of: 

amino add sequences which are at least about 52% identical to the amino acid 
1 0 sequence shown in SEQ ID NO: 2; and 

the amino acid sequence shown in SEQ ID NO: 2. 

A histone deacetylase activity of the polypeptide is detected. A test compound which 
15 increases histone deacetylase activity of the polypeptide relative to histone 
deacetylase activity in the absence of the test compound is thereby identified as a 
potential agent for increasing extracellular matrix degradation, A test compound 
which decreases histone deacetylase activity of the polypeptide relative to histone 
deacetylase activity in the absence of the test compound is thereby identified as a 
20 potential agent for decreasing extracellular matrix degradation. 

Even another embodiment of the invention is a method of screening for agents which 
decrease extracellular noatrix degradation. A test conqpound is contacted with a 
histone deacetylase product of a polynucleotide which comprises a nucleotide 
25 sequence selected from the group consisting of: 

nucleotide sequences which are at least about 50% identical to Ihe nucleotide 
sequence shown in SEQ ID NO: 1; and 

30 the nucleotide sequence shown in SEQ ID NO: 1 . 
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Binding of the test compound to the histone deacetylase product is detected. A test 
compound which binds to the histone deacetylase product is thereby identified as a 
potential agent for decreasing extracellidar matrix degradation. 

S Still another embodiment of the invention is a method of reducing extracellular 
matrix degradation. A cell is contacted with a reagent which specifically binds to a 
polynucleotide encoding a histone deacetylase polypeptide or the product encoded by 
the polynucleotide, wherein the polynucleotide comprises a nucleotide sequence 
selected fiom the g^xup consisting of: 

10 

nucleotide sequences which are at least about 50% identical to tiie nucleotide 
sequence shown in SEQ ID NO: 1 ; and 

the nucleotide sequence shown in SEQ ID NO: 1 . 

15 

Histone deacetylase activity ia the cell is thereby decreased. 

The invention thus provides a human histone deacetylase which can be used to 
identify test compounds which may act, for example, as activators or inhibitors at the 
20 enzyme's active site. Human histone deacetylase and fragments thereof also are 
usefijl in raising specific antibodies which can block the enzyme and effectively 
reduce its activity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

Fig. 1 shows the DNA-sequence encoding a histone deacetylase Polypeptide 
(SEQ ID NO: 1). 



Fig. 2 shows the amiho acid sequence deduced from the DNA-sequence of Fig. 1 
30 (SEQ ID NO: 2). 
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Fig. 3 shows the amino acid sequence of the protein identified by SwissProt 
Accession No. P56523 (SEQ ID NO: 3). 

Fig. 4 shows the amino acid sequence of the protein identified by trembl 
5 Accession No. AF132609 (SEQ ID NO: 4). 

Fig. 5 shows the DNA-sequence encoding a histone deacetylase Polypeptide 
(SEQ ID NO: 5). 

10 Fig. 6 shows Hbe DNA-sequraice encoding a histone deacetylase Polypeptide 
(SEQ ID NO: 6). 

Fig. 7 shows the DNA-sequence encoding a histone deacetylase Polypeptide 
(SEQ ID NO: 7). 

15 

Fig. 8 shows the DNA-sequence CTicoding a histone deacetylase Polypqptide 
(SEQ ID NO: 8). 

Fig. 9 shows the DNA-sequence encoding a histone deacetylase Polypeptide 
20 (SEQ ID NO: 9). 



Fig. 10 shows the DNA-sequence encoding a histone deacetylase Polypeptide 
(SEQ ID NO: 10). 

25 Fig. 11 shows the DNA-sequence encoding a histone deacetylase Polypeptide 
(SEQ ID NO: 11). 

Fig. 12 shows fhs DNA-sequence encoding a histone deacetylase Polypeptide 
(SEQ ID NO: 12). 



30 
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Fig. 13 shows .the DNA-sequeace encoding a histone deacetylase Polypeptide 
(SEQIDNO: 13). 



Fig. 14 shows the DNA-sequence encoding a histone deacetylase Polypeptide 
5 (SEQIDNO: 14). 

Fig. 15 shows the DNA-sequence encoding a histone deacetylase Polypeptide 
(SEQIDNO: 15). 

10 Fig. 16 sho^ the DNA-sequence encoding a histone deacetylase Polypeptide 
(SEQIDNO: 16). 



Fig. 17 shows flie DNA-sequence encoding a histone deacetylase Polypeptide 
(SEQIDNO: 17). 

15 

Fig. 18 shows the DNA-sequence encoding a histone deacetylase Polypeptide 
(SEQIDNO: 18). 



Fig. 19 shows the DNA-sequence encoding a histone deacetylase Polypeptide 
20 (SEQIDNO: 19). 

Fig. 20 shows the DNA-sequence encoding a histone deacetylase Polypeptide 
(SEQIDNO: 20). 

25 Fig. 21 sho^ the DNA-sequence encoding a histone deacetylase Polypeptide 
(SEQIDNO: 21). 



30 



Fig. 22 



shows the BLASTP alignment of human histone deacetylase (SEQ ID NO: 
2) with the piotein identified with SwissProt Accession No. P56523 (SEQ 
ID NO: 3). 



wo 02/30970 PCT/EPOl/11759 



5 



Fig. 23 shows the BLASTP alignment of 355 ^protein (SEQ ID NO: 2) against 
trembl|AF1326091AF132609_l (SEQ ID NO: 22). 

Fig. 24 shows flie BLASTP - aKgnment of 355jprotein against pdb|lC3P|lC3P-A. 

Fig, 25 shows the HMMPFAM - alignment of 355_protein against 
p&m|hmmpBQ[st_deacetyL 



Fig. 26 shows the results of the human histone acetylase mRNA e3q)ression 
10 profiling performed by RT PGR 

Fig. 27 shows the results of the human histone acetylase mRNA ^ipression 
profiling performed by Taqman (normalized to 188 RNA) 

15 Fig. 27 shows the results of the human histone acetylase mRNA e^qpression 
profiling performed by Taqman (copy number). 



DETAILED DESCRIPTION OF THE INVENTION 

20 The invention relates to an isolated polynucleotide encoding a histone deacetylase 
polypeptide and being selected from the group consisting of: 



a) a polynucleotide encoding a histone d^etylase polypeptide comprising an 
amino acid sequence selected fi^om the group consisting of: 

25 

amino acid sequences which are at least about 52% identical to 
the amino acid sequence shown in SEQ ID NO: 2; and 
the amino acid sequence shown in SEQ ID NO: 2; 



30 b) a polynucleotide comprising the sequence of SEQ ID NO: 1 ; 
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c) a polynucleotide which hybridizes under stringent conditions to a poly- 
nucleotide specified in (a) and (b); 

d) a polynucleotide the sequence of which deviates &om the polynucleotide 
sequences specified in (a) to (c) due to the degCTieration of the genetic code; 
and 



e) a polynucleotide which r^resents a fragment, derivative or allelic variation of 
a polynucleotide sequence specified in (a) to (d). 

10 

Furfheimore, it has been discovered by the present ^plicant that a novel histone 
deacetylase, pajrticularly a human histone deacetylase, is a discovery of the present 
invention. Human histone deacetylase comprises the amino acid sequence shown in 
SEQ ID NO: 2. A coding sequence for human histone deacetylase is shown in SEQ 
15 ID NO: 1. Related ESTs (SEQ ID NOS:5-21) are expressed in squamous cell 
carcinoma, anaplastic oligodendroglioma, kidney, pooled human melanocytes, fetal 
heart, pregnant uterus, germinal center B cells, chronic lymphatic leukemia, heart, 
colon, kidney tumors, adenocarcinoma, breast tumors, fetal liver and spleen, an<i 
schizophrenic brain S-1 1 frontal lobe. 

20 

Human histone deacetylase is 42% identical over 354 amino adds to the protein 
identified with SwissProt Accession No. P56523 and aimotated as **HISTONE 
DEACETYLASE CLR3" (Fig. 22). Human histone deacetylase also is 51% 
identical over 362 and 395 amino acids to the human protein identified with trembl 
25 Accession No. AF132609 and aimotated as 'liistone deacetylase 6" (Fig. 23). 



Hmnan histone deacetylase of the invention is expected to be usefrd for the same 
purposes as previously identified histone deacetylase enzymes. Human histone 
deacetylase is believed to be usefiil in therapeutic methods to treat disorders such as 
30 cancer. Human histone deacetylase also can be used to screen for human histone 
deacetylase activators and inhibitors. 
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Polvpeptides 

Human histone deacetylase polypeptides according to the invention comprise at least 
5 6, 10, 15, 20, 25, 50, 75, 100, 125, 150, 175, 200, 225, 250, 275, 300, 325, 350, 375, 
400, 425, 450, 475, 500, 525, 550, 575, 600, 625, 650, or 670 contiguous amino 
acids selected fix>m the amino acid sequence shown in SEQ ED NO: 2 or a 
biologically active variant thereof^ as defined below. A histone deacetylase poly- 
peptide of the invention therefore can be a portion of a histone deacetylase protein, a 
10 full-length histone deacetylase protein, or a fusion protein comprising all or a portion 
of a histone deacetylase protein. 

Biologically Active Variants 

15 Human histone deacetylase polypeptide variants which are biologically active, e.g., 
retain a histone deacetylase activity, also are histone deacetylase polypeptides. 
Preferably, naturally or non-naturally occurring histone deacetylase polypeptide 
variants have amino acid sequences which are at least about 52, 55, 60, 65, or 70, 
preferably about 75, 80, 85, 90, 96, 96, or 98% identical to the amino acid sequence 

20 shown in SEQ ID NO: 2. or a fragment thereof Percent identity between a putative 
histone deacetylase polypeptide variant and an amino acid sequence of SEQ ID NO: 
2 is determined using the Blast2 alignment program (Blosum62, Expect 10, standard 
genetic codes). 

25 Variations in percent identity can be due, for example, to amino acid substitutions, 
insertions, or deletions* Amino acid substitutions are defined as one for one amino 
acid replacements. They are conservative in nature when the substituted amino acid 
has similar structural and/or chemical properties. Examples of conservative 
replacements are substitution of a leucine with an isoleucine or valine, an aspartate 

30 with a glutamate, or a threonine with a serine. 
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Amino acid insertions or deletions are changes to or within an amino acid sequence. 
They typically fall in the range of about 1 to 5 amino acids. Guidance in detemiining 
which anoino acid residues can be substituted, insCTted, or deleted without abolishing 
biological or immunological activity of a histone deacetylase polypeptide can be 
S found using computer programs well known in the art, such as DNASTAR software. 
Whedier an amino acid change results in a biologically active histone deacetylase 
polypeptide can readily be determined by assaying for histone deacetylase activity, as 
described for example, in the specific examples, below. 

10 Fusion Proteins 

Fusion proteins are usefid for generating antibodies against histone deacetylase 
polypeptide amino acid sequences and for use in various assay systems. For 
example, fusion proteins can be used to identify proteins which interact with portions 
15 of a histone deacetylase polypeptide. Protein afl5nity chromatogr^hy or library- 
based assays for protein-protein interactions, such as the yeast two-hybrid or phage 
display systems, can be used for this purpose. Such methods are well known in the 
art and also can be used as drug screens. 

20 A histone deacetylase polypeptide fusion protein comprises two polypeptide 
segments fused together by means of a peptide bond. The first polypeptide segmCTit 
comprises at least 6, 10, 15, 20, 25, 50, 75, 100, 125, 150, 175, 200, 225, 250, 275, 
300, 325, 350, 375, 400, 425, 450, 475, 500, 525, 550, 575, 600, 625, 650, or 670 
contiguous amino acids of SEQ ID NO: 2 or of a biologically active variant, such as 

25 those described above. The first polypeptide segment also can comprise full-length 
histone deacetylase protein. 

The second polypeptide segment can be a fidl-length protein or a protein firagment 
Proteins commonly used in fusion protein construction include p-galactosidase, p- 
30 glucuronidase, green fluorescent protein (GFP), autofluorescent proteins, including 
blue fluorescent protein (BFP), glutathione-S-transferase (GST), luciferase, horse- 
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radish peroxidase (HEP), and chloramphenicol acetyltransferase (CAT). Addition- 
ally, epitope tags are used in fusion protein constructions, including histidine (His) 
tags, FLAG tags, influenza hemagglutinin (HA) tags, Myc tags, VSV-G tags, and 
tibioredoxin (Tix) tags. Other fusion constructions can include maltose binding 
5 protein (MBP), S-tag, Lex a DNA binding domain (DBD) fusions, GAL4 DNA 
binding domain fusions, and herpes simplex virus (HSV) BP 16 protein fusions. A 
fusion protein also can be engineered to contain a cleavage site located between the 
histone deacetylase polypeptide-encoding sequence and the heterologous protein 
sequence, so that the histone deacetylase polypeptide can be cleaved and purified 
10 away fix>m tibie heterologous moiety. 

A fusion protein can be synthesized chemically, as is known in the art Preferably, a 
fusion protein is produced by covalently linking two polypeptide segments or by 
standard procedures in the art of molecular biology. Recombinant DNA methods can 

15 be used to prepare fusion proteins, for example, by making a DNA constmct which 
comprises coding sequences selected from the complement of SEQ ID NO: 1 in 
proper reading frame with nucleotides encoding the second polypeptide segment and 
^pressing the DNA construct in a host cell, as is known in the art. Many kits for 
constructing fusion proteins are available from companies such as Promega 

20 Corporation (Madison, WI), Stratagene (La JoUa, CA), CLONTECH (Mountain 
View, CA), Santa Cruz Biotechnology (Santa Cruz, CA), MBL Ihtemational 
Corporation (MLC; Watertown, MA), and Quantum Biotechnologies (Montreal, 
Canada; 1-888-DNA-KITS). 

25 Identification of Species Homologs 

Species homologs of human histone deacetylase polypeptide can be obtained using 
histone deacetylase polypeptide polynucleotides (described below) to make suitable 
probes or primers for screening cDNA expression libraries firom other species, such 
30 as mice, monkeys, or yeast, identifying cDNAs which encode homologs of histone 
deacetylase^polypeptide, and expressing the cDNAs as is known in the art. 
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Polynucleotides 

A histone deacetylase polynucleotide can be single- or double-stranded and compri- 
5 ses a coding sequence or the coroplement of a coding sequence for a histone 
deacetylase polypeptide. A coding sequence for human histone deacetylase is shown 
inSEQIDNO: 1. 

Degenerate nucleotide sequences CTicoding human histone deacetylase polypeptides, 
10 as well as homologous nucleotide sequences which are at least about SO, SS, 60, 65, 
70, preferably about 75, 90, 96, or 98% identical to the nucleotide sequence shown in 
SEQ ID NO: 1 or its complement also are histone deacetylase polynucleotides. 
Percent sequence identity between the sequences of two polynucleotides is 
determined using computer programs such as ALIGN which employ the FASTA 
15 algorithm, using an afSne gap search with a gap open penalty of -12 and a gap 
extension penalty of -2. Complementary DNA (cDNA) molecules, species ho- 
mologs, and variants of histone deacetylase polynucleotides which encode biologi- 
cally active histone deacetylase polypeptides also are histone deacetylase polynucleo- 
tides. 

20 

Identification of Polynucleotide Variants and Homolo^s 

Variants and homologs of the histone deacetylase polynucleotides described above 
also are histone deacetylase polynucleotides. Typically, homologous histone deace- 

25 tylase polynucleotide sequences can be identified by hybridization of candidate 
polynucleotides to known histone deacetylase polynucleotides under stringent 
conditions, as is known in the art. For example, using the following wash 
conditions-2X SSC (0.3 M NaCl, 0.03 M sodium citrate, pH 7.0), 0.1% SDS, room 
temperature twice, 30 minutes each; then 2X SSC, 0.1% SDS, 50 once, 30 

30 minutes; then 2X SSC, room temperature twice, 10 miautes each— homologous 
sequences can be identified which contain at most about 25-30% basepair 
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mismatches. More preferably, homologous nucleic acid strands contain 15-25% 
basqpair nusmatches, even more preferably 5-15% basepair mismatches. 

Species homologs of the histone deacetylase polynucleotides disclosed herein also 
5 can be identified by making suitable probes or primers and screening cDNA 
expression libraries fitim other species, such as mice, monkeys, or yeast Human 
variants of histone deacetylase polynucleotides can be identified, for example, by 
screening human cDNA expression libraries. It is well known that the Tm of a 
double-stranded DNA decreases by 1-1. 5^C with every 1% decrease in homology 

10 (Bonner et aL^ J. Mol Biol 81^ 123 (1973). Variants of hmnan histone deacetylase 
polynucleotides or histone deacetylase polynucleotides of other species can therefore 
be identified by hybridizing a putative homologous histone deacetylase poly- 
nucleotide with a polynucleotide having a nucleotide sequence of SEQ ID NO: 1 or 
the complement thereof to form a test hybndl The- melting tOTrperature of the test 

15 hybrid is compared with the melting temperature of a hybrid comprising poly- 
nucleotides having perfectly complementary nucleotide sequences, and the number 
or percent of basepair mismatches within the test hybrid is calculated. 

Nucleotide sequences which hybridize to histone deacetylase polynucleotides or their 
20 complements following stringent hybridization and/or wash conditions also are 
histone deacetylase polynucleotides. Stringent wash conditions are well known and 
understood in the art and are disclosed, for example, in Sambrook et al.j MOLECULAR 
Cloning: A Laboratory Manual, 2d ed., 1989, at pages 9.50-9.51. 

25 Typically, for stringent hybridization conditions a combioatLon of temperature and 
salt concentration shoidd be chosen that is approximately 12-20*^0 below the 
calculated Tm of the hybrid under study. The Tm of a hybrid between a histone 
deacetylase polynucleotide having a nucleotide sequence shown in SEQ ID NO: 1 or 
the complement thereof and a polynucleotide sequence which is at least about 50, 

30 preferably about 75, 90, 96, or 98% identical to one of those nucleotide sequences 
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can be calculated, for example, using the equation of Bolton and McCarthy, Proc. 
Natl Acad. ScL U.S.A. 48, 1390 (1962): 

Tra = 81.5^C - 16.6aogio[Na^) + 0.41(%G + C) - 0.63(%foimamide) - 600//), 
5 where / = the length of the hybrid in basepairs. 

Stringent wash conditions include, for example, 4X SSC at 65^C, or 50% formamide, 
4X SSC at 42''C, or 0.5X SSC, 0.1% SDS at 65**C. Highly stringent wash conditions 
include, for example, 0:2X SSC at 65''C. 

10 

Preparation of Polynucleotides 

A histone deacetylase polynucleotide can be isolated jfree of other cellular com- 
ponents such as membrane components, proteins, and- lipids. Poljoiucleotides can be 

15 made by a cell and isolated using standard nucleic acid purification techniques, or 
synthesized using an amplification technique, such as the polymerase chain reaction 
(PCR), or by using an automatic synthesizer. Methods for isolating polynucleotides 
are routine and are known in the art. Any such technique for obtaining a poly- 
nucleotide can be used to obtain isolated histone deacetylase polynucleotides. For 

20 example, restriction enzymes and probes can be used to isolate polynucleotide 
firagments which comprises histone deacetylase nucleotide sequences. Isolated 
polynucleotides are in preparations which are fi-ee or at least 70, 80, or 90% fi:ee of 
other molecules. 

25 Human histone deacetylase cDNA molecules can be made with standard molecular 
biology techniques, using histone deaicetylase mRNA as a template. Human histone 
deacetylase cDNA molecules can thereafter be replicated using molecular biology 
techniques known in the art and disclosed in manuals such as Sambrook et aL (1989). 
An amplification technique, such as PCR, can be used to obtain additional copies of 

30 polynucleotides of the invention, using either human genomic DNA or cDNA as a 
template. 
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Alternatively, synthetic chemistry techniques can be used to synthesizes histone 
deacetylase polynucleotides. The degeneracy of the genetic code allows alternate 
nucleotide sequences to be synthesized which will encode a histone deacetylase 
S polypeptide having, for example, an amino acid sequence shown in SEQ ID NO: 2 or 
a biologically active variant thereof 

Extending Polynucleotides 

10 Various PCR-based methods can be used to extend the nucleic add sequences 
disclosed herein to detect upstream sequences such as promoters and regulatory 
elements. For example, restriction-site PGR uses universal primers to retrieve 
unknown sequence adjacent to a known locus (Sarkar, PCR Methods Applic. 2, 318- 
322, 1993). Genomic DNA is first amplified in the^resence of a primer to a linker 

15 sequence and a primer specific to the known region. The amplified sequences are 
then subjected to a second round of PCR with the same linker primer and another 
specific primer intemal to the first one. Products of each round of PCR are 
transcribed with an appropriate RNA polymerase and sequenced using reverse 
transcriptase. 

20 

Inverse PCR also can be used to amplify or extend sequences using divergent primers 
based on a known region (Triglia et aL, Nucleic Acids Res. 16, 8186, 1988). Primers 
can be designed using commercially available software, such as OLIGO 4.06 Primer 
Analysis software (National Biosciences Inc., Plymouth, Minn.), to be 22-30 
25 nucleotides in length, to have a GC content of 50% or more, and to axmeal to tiie 
target sequence at temperatures about 68-72^C. The method uses several restriction 
enzymes to generate a suitable fragment in the known region of a gene. The 
fiagment is then circularized by intramolecular ligation and used as a PCR template. 

30 Another method which can be used is capture PCR, which involves PCR 
amplification of DNA fragments adjacent to a known sequence in human and yeast 
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artificial chromosome DNA (Lagerstrom et al.y PCR Methods Applic. 7, 111-119, 
1991). In this method, multiple restrictioii enzyme digestions and ligations also can 
be used to place an engineered double-stranded sequence into an imknown fragment 
of the DNA molecule before performing PCR. 

5 

Another method which can be used to retrieve unknown sequences is that of Parker 
et al. Nucleic Acids Res. 19, 3055-3060, 1991). Additionally, PC31, nested primers, 
and PROMOTERFINDER libraries (CLONTECH, Palo Alto, Calif.) can be used to 
walk genomic DNA (CLONTECH, Palo Alto, Calif). This process avoids the need 
10 to screen libraries and is usefiil in finding intron/exon junctions. 

When screening for full-length cDNAs, it is preferable to use libraries that have been 
size-selected to include larger cDNAs. Randomly-primed libraries are preferable, in 
that they will contain more sequences which contain the 5' regions of genes. Use of a 
15 randomly primed library may be especially preferable for situations in which an oUgo 
d(T) library does not yield a full-length cDNA Genomic libraries can be useful for 
extension of sequence into 5' non-transcribed regulatory regions. 

Commercially available capillary electrophoresis systems can be used to analyze the 
20 size or confirm the nucleotide sequence of PCR or sequencing products. For 
example, capillary sequencing can employ flowable polymers for electrophoretic 
separation, four different fluorescent dyes (one for each nucleotide) which are laser 
activated, and detection of the emitted wavelengths by a charge coupled device 
camera. Output/light intensity can be converted to electrical signal using ^ipropriate 
25 software (e.g. GENOTYPER and Sequence NAVIGATOR, Peridn Ehner), and the 
entire process &om loading of samples to computer analysis and electronic data 
display can be computer controlled. Ccqpillary electrophoresis is especially preferable 
for the sequencing of small pieces of DNA which nught be present in limited 
amounts in a particular sample. 
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Obtainins Polvpevtides 

Human histone deacetylase polypeptides can be obtained, for example, by purifi- 
cation from human cells, by e:?q}ression of histone deacetylase polynucleotides, or by 
5 direct chemical synthesis. 

Protein Purification 

Human histone deacetylase polypeptides can be purified fix>m any cell which 
10 expresses the enzyme, including host cells which have been transfected with histone 
deacetylase repression constructs. A purified histone deacetylase polypeptide is 
separated firom other compounds which normally associate with the histone 
deacetylase polypeptide in the cell, such as certain proteins, carbohydrates, or hpids, 
using methods well-known in the art. Such methods^include, but are not limited to, 
15 size exclusion chromatography, ammonium sulfate firactionatioii, ion exchange 
chromatography, aflSnity chromatography, and preparative gel electrophoresis. A 
preparation of purified histone deacetylase polypeptides is at least 80% pure; 
preferably, the preparations are 90%, 95%, or 99% pure. Purity of the preparations 
can be assessed by any means known in the art, such as SDS-polyacrylamide gel 
20 electrophoresis. 

Expression of Polynucleotides 

To express a histone deacet/lase polynucleotide, the polynucleotide can be inserted 
25 into an expression vector which contains the necessary elemCTts fox the transcription 
and translation of tiie inserted coding sequence. Methods which are well known to 
those skilled in the art can be used to construct expression vectors containing 
sequences encoding histone deacetylase polypeptides and appropriate transcriptional 
and translational control elements. These methods include in vitro recombinant 
30 DNA techniques, synthetic techniques, and in vivo genetic recombination. Such 
techniques are described, for example, in Sambrook et aL (1989) and in Ausubel et 
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aLy Current Protocols in Molecular Biology, John Wiley & Sons, New York, 
N.Y., 1989. 

A variety of expression vector/host systems can be utilized to contain and ^ress 
5 sequences encoding a histone deacetylase polypeptide. These include, but are not 
limited to, microorganisms, such as bacteria transformed with recombinant 
bacteriophage, plasmid, or cosmid DNA expression vectors; yeast transformed with 
yeast expression vectors, insect cell systems infected with virus expression vectors 
baculovirus), plant cell systems transformed with virus expression vectors (e.g., 
10 cauliflower mosaic virus, CaMV; tobacco mosaic virus, TMV) or with bacterial 
expression vectors (e.g:, Ti or pBR322 plasmids), or animal cell systems. 

The control elements or regulatory sequmces are those non-translated regions of the 
vector — enhancers, promoters, 5' and 3' untranslated- regipns — which interact with 

15 host ceUvdar proteins to carry out transcription and translatioiL Such elemoits can 
vary in their strength and specificity. Depending on the vector system and host 
utilized, any niunber of suitable transcription and translation elements, including 
constitutive and inducible promoters, can be used. For example, when cloning in 
bacterial systems, inducible promoters such as the hybrid lacZ promoter of the 

20 BLUESCRIPT phagemid (Stratagene, LaJolla, Calif.) or pSPORTl plasmid (Life 
Technologies) and the like can be used. The baculovirus polyhedrin promoter can be 
used in insect cells. Promoters or enhancers derived from the genomes of plant cells 
(e.g., heat shock, RUBISCO, and storage protein genes) or fit)m plant viruses (e.g;, 
viral promoters or leader sequences) can be cloned into the vector. In mammalian 

25 cell systems, promoters j&om mammalian genes or firom mammalian viruses are 
preferable. If it is necessary to generate a cell line tiiat contains multiple copies of a 
nucleotide sequence encoding a histone deacetylase polypeptide, vectors based on 
SV40 or EBV can be used with an appropriate selectable maricer. 
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Bacterial and Yeast Expression Systems 

In bacterial systems, a number of egression vectors can be selected depending vpon 
the use intended for the histone deacetylase polypeptide. For example, when a large 
5 quantity, of a histone deacetylase polypq>tide is needed for the induction of anti- 
bodies, vectors which direct high level expression of fusion proteins that are readily 
purified can be used Such vectors mclude, but are not limited to, multifunctional E. 
coli cloning and e:xpression vectors such as BLUESCRIPT (Stratagene). In a 
BLUESCRIPT vector, a sequence encoding the histone deacetylase polypeptide can 

10 be ligated into the vector in fiame with sequences for the amino-terminal Met and the 
subsequent 7 residues of P-galactosidase so that a hybrid protein is produced pIN 
vectors (Van Heeke & Schuster, J. Biol Chenu 264, 5503-5509, 1989) or pGEX 
vectors (Promega, Madison, Wis.) also can be used to express foreign polypeptides 
as fusion proteins with glutathione S-transferase (GST). In general, such fusion 

15 proteins are soluble and can easily be purified firom lysed ceUs by adsorption to 
glutathione-agarose beads followed by elution in the presence of firee glutathione. 
Proteins made in such systems can be designed to include heparin, thrombin, or 
factor Xa protease cleavage sites so that the cloned polypeptide of interest can be 
released from the GST moiety at will. 

20 

In the yeast Saccharomyces cerevisiae, a number of vectors containing constitutive 
or inducible promote such as alpha factor, alcohol oxidase, and PGH can be used 
For reviews, see Ausubel et ah (1989) and Grant et aL, Methods Enzymol 153^ 516- 
544, 1987. 

25 

Plant and Insect Expression Systems 

If plant e:q)ression vectors are used, the expression of sequences encoding histone 
deacetylase polypeptides can be driven by any of a nmnber of promoters. For 
30 example, viral promoters such as the 35S and 19S promoters of CaMV can be used 
alone or in combination with the omega leader sequence firom TMV (Takamatsu, 
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EMBO J, 6y 307-31 1, 1987). Alternatively, plant promoters such as the small subimit 
of RUBISCO or heat shock promoters can be used (Coruzzi et aL, EMBO J. 5, 1671- 
1680/1984; Broglie et a/.. Science 224, 838-843, 1984; Winter et ah. Results Probl 
Cell Differ. 1 7, 85-105, 1991). These constructs can be mtroduced into plant cells by 
5 direct DNA transformation or by pathogen-mediated transfection. Such techniques 
are described in a number of generally available reviews {e.g., Hobbs or Murray, in 
McGraw Hill Yearbcx)k of ScaENCE and Technology, McGraw EQll, New York, 
N.Y.,pp. 191-196, 1992). 

10 An insect system also can be used to express a histone deacetylase polypeptide. For 
example, in one such system Autographa californica nuclear polyhedrosis virus 
(AcNPV) is used as a vector to express foreign genes in Spodoptera frugiperda cells 
or in Trichopliisia larvae. Sequences encoding histone deacetylase polypeptides can 
be cloned into a non-essential region of the virus, sttch as the polyhedrin gene, and 

15 placed xmder control of the polyhedrin promoter. Successful insation of histone 
deacetylase polypeptides will render the polyhedrin gene inactive and produce 
recombinant virus lacking coat protein. The recombinant viruses can then be used to 
infect iSl frugiperda cells or Trichoplusia larvae in which histone deacetylase 
polypeptides can be expressed (Engelhard et al., Proc. Nat Acad. Set. 91, 3224- 

20 3227, 1994). 

Mammalian Expression Systems 

A number of viral-based expression systems, can be used to e3q)ress histone 
25 deacetylase polypeptides in mammalian host cells. For example, if an adenovirus is 
used as an expression vector, sequences encoding histone deacetylase polypeptides 
can be Kgated into an adenovirus transcription/translation complex comprising the 
late promoter and tripartite leader sequence. Insertion in a non-essential El or E3 
region of the viral genome can be used to obtain a viable virus which is capable of 
30 expressing a histone deacetylase polypeptide in infected host cells (Logan & Shenk, 
Proc. Natl Acad ScL 81, 3655-3659, 1984). If desired, transcription enhancers, such 
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as the Rous sarcoma virus (RSV) enhancer;, can be used to increase expr^ion in 
mammalian host cells. 

Human artificial chromosomes (HACs) also can be used to deliver larger firagments 
5 of DNA than can be contained and expressed in a plasmid. HACs of 6M to lOM are 
constructed and delivered to cells via conventional delivery methods (e.g., liposomes, 
polycationic aouno polymers, or vesicles). 

Specific initiation signals also can be used to achieve more o&deant translation of 
10 sequences encoding histone deacetylase polypeptides. Such signals include the ATG 
initiation codon and adjacent sequences. In cases where sequences encoding a 
histone deacetylase polypeptide, its hutiation codon, and upstream sequences are 
inserted into the appropriate expression vector, no additional transcriptional or 
translational control signals may be needed. However, in cases where only coding 
15 sequence, or a jfragment thereof^ is inserted, exogenous translational control signals 
(including the ATG initiation codon) should be provided. The initiation codon 
should be in the correct reading firame to ensure translation of the entire insert. 
Exogenous translational elements and initiation codons can be of various origins, 
both natural and synthetic. The efficiency of expression can be enhanced by the 
20 inclusion of enhancers which are Expropriate for the particular cell system which is 
used (see Scharf e/ a/.. Results Probl Cell Differ. 20, 125-162, 1994). 

Host Cells 

25 A host cell strain can be chosen for its ability to modulate the expression of fho 
inserted sequmces or to process flie expressed histone deacetylase polypeptide in the 
desired fashion. Such modifications of the polypeptide include, but are not linoited 
to, acetylation, carboxylation, glycosylation, phosphorylation, lipidation, and 
acylation. Post-translational processing which cleaves a "prepro" form of the poly- 

30 peptide also can be used to facilitate correct insertion, folding and/or function. 
Different host cells which have specific cellular machinery and characteristic 



wo 02/30970 



PCT/EPOl/11759 



-22- 

mechanisms for post-translational activities (e.g., CHO, HeLa, MDCK, HEK293, and 
WI38), are available from the American Type Culture Collection (ATCC; 10801 
University Boulevard, Manassas, VA 20110-2209) and can be chosen to ensure the 
correct modification and processing of the foreign protein. 

5 

Stable e?q)ression is preferred for long-term, high-yield production of recombinant 
proteins. For example, cell lines which stably express histone deacetylase poly- 
peptides can be transformed using expression vectors which can contain viral origins 
of replication and/or endogenous expression elements and a selectable marker gene 

10 on the same or on a separate vector. Following the introduction of the vector, cells 
can be allowed to grow for 1-2 days in an enriched medium before they are switched 
to a selective medium. The purpose of the selectable marker is to confer resistance to 
selection, and its presence allows growth and recovery of cells which successfully 
e3q>ress the introduced histone deacetylase sequences. Resistant clones of stably 

15 transformed cells can be proliferated using tissue culture techniques appropriate to 
the cell type. See, for example, ANIMAL CELL CULTURE, R.L Freshney, ed., 1986. 

Any number of selection systems can be used to recover transformed cell lines. 

20 These include, but are not limited to, the herpes simple virus thymidine kinase 
(Wigler et aL, Cell 11^ 223-32, 1977) and adenine phosphoribosyltransferase (Lowy 
et al.. Cell 22, 817-23, 1980) genes which can be employed in tfc or cprf cells, 
respectively. .Also, antimetabolite, antibiotic, oi herbicide resistance can be used as 
the basis for selection. For example, (ffifr confers resistance to methotrexate (Wigler 

25 et al.^ Proc, Natl Acad. Set 77, 3567-70, 1980), npt confers resistance to the 
aminoglycosides, neomycin and G-418 (Colbere-Garapin etci,, J. Mol Biol ISO, 1- 
14, 1981), and als and pat confer resistance to chlorsul&ron and phosphinotricin 
acetyltransferase, respectively (Murray, 1992, supra). Additional selectable genes 
have been described. For example, trpB allows cells to utilize indole in place of 

30 tryptophan, or hisD, which allows cells to utilize histinol in place of histidine 
(Hartman & Mulligan, Proc. Natl Acad. Set 85, 8047-51, 1988). Visible markers 
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such as anthocyamns, ^-glucxironidase and its substrate GUS^ and luciferase and its 
substrate luciferin, can be used to identify transformants and to quantify the amount 
of transient or stable protein expression attributable to a specific vector system 
(Rhodes et a/.. Methods Mol Biol JJ, 121-131, 1995). 

5 

Detecting Expression 

Although the presence of marker gene expression suggests that the histone 
deacetylase polynucleotide is also present, its presence and expression may need to 

10 be confirmed. For example, if a sequence encoding a histone deacetylase poly- 
peptide is inserted vdthin a marker gene sequence, transformed cells containing 
sequences which encode a histone deacetylase polypeptide can be identified by the 
absence of marker gene function. Alternatively, a marker gene can be placed in 
tandem with a sequence encoding a histone deacetylase polypeptide under the control 

15 of a single promoter. Expression of the marker gene in response to induction or 
selection usually indicates expression of the histone deacetylase polynucleotide. 

Alternatively, host cells which contain a histone deacetylase polynucleotide and 
which express a histone deacetylase polypeptide can be identified by a variety of 

20 procedures known to those of skill in the art. These procedures include, but are not 
limited to, DNA-DNA or DNA-RNA hybridizations and protem bioassay or 
immunoassay techniques which include membrane, solution, or chip-based 
technologies for the detection and/or quantification of nucleic acid or protem. For 
example, the presence of a polynucleotide sequence encoding a histone deacetylase 

25 polypeptide can be detected by DNA-DNA or DNA-RNA hybridization or 
amplification using probes or fragments or fragments of polynucleotides ^coding a 
histone deacetylase polypeptide. Nucleic acid amplification-based assays involve the 
use of oUgonucleotides selected from sequences encoding a histone deacetylase poly- 
peptide to detect transformants which contain a histone deacetylase polynucleotide. 
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A variety of protocols for detecting and measuring the e7q)ression of a histone 
deacetylase polypeptide, using either polyclonal or monoclonal antibodies specific 
for the polypeptide, are known in the art. Examples include enzyme-linked immuno- 
sorbent assay (BLISA), radioimmunoassay (RIA), and fluorescence activated ceU 
S sorting (FACS). A two-site, monoclonal-based immunoassay using monoclonal anti- 
bodies reactive to two non-uiterfering epitopes on a histone deacetylase polypeptide 
can be used, or a competitive binding assay can be employed. These and other assays 
are described in Hampton et al^ Serological Methods: A Laboratory Manual, 
APS Press, St. Paul, Minn., 1990) and Maddox et al, J. Exp. Med. 158, 1211-1216, 
10 1983). 

A wide variety of labels and conjugation techniques are known by those skilled in the 
art and can be used in various nucleic acid and amino acid assays. Means for 
produciag labeled hybridization or PGR probes fof detecting sequences related to 

15 pol3naucleotides encoding histone deacetylase polypeptides include oligolabeling, 
nick translation, end-labeling, or PGR amplification using a labeled nucleotide. 
Alternatively, sequences encoding a histone deacetylase polypeptide can be cloned 
into a vector for the production of an mRNA probe. Such vectors are known in the 
art, are commercially available, and can be used to synthesize RNA probes in vitro 

20 by addition of labeled nucleotides and an appropriate RNA polymerase such as T7, 
T3, or SP6. These procedures can be conducted using a variety of commercially 
available kits (Amersham Pharmacia Biotech, Promega, and US Biochemical). 
Suitable reporter molecules or labels which can.be used for ease of detection include 
radionuclides, enzymes, and fluorescent, chemilununescent, or chromogenic agents, 

25 as well as substrates, cofactors, inhibitors, magnetic particles, and the like. 

Expression and Purification of Polvpevtides 

Host cells transformed with nucleotide sequences encoding a histone deacetylase 
30 polypeptide can be cultured under conditions suitable for the expression and recovery 
of the protein from cell culture. The polypeptide produced by a transformed cell can 
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be secreted or contained intracellularly depending on tiie sequence and/or the vector 
used. As will be understood by those of skill in the art, expression vectors containing 
polynucleotides which encode histone deacetylase polypeptides can be designed to 
contain signal sequences which direct secretion of soluble histone deacetylase 
S polypeptides through a prokaiyotic or eukaryotic cell membrane or which direct the 
membrane insertion of membrane-bound histone deacetylase polypeptide. 

As discussed above, other constructions can be used to join a sequence encoding a 
histone deacetylase polypeptide to a nucleotide sequence encoding a polypeptide 

10 domain which will &cilitate purification of soluble proteins. Such purification 
facilitating domains include, but are not limited to, metal chelating peptides such as 
histidine-tryptophan modules that allow purification on immobilized metals, protein 
A doroains that allow purification on immobilized immunoglobulin, and the domain 
utilized in the FLAGS extension/aflBnity purification system (Immunex Corp., 

15 Seattie, Wash.). Inclusion of cleavable linker sequences such as those specific for 
Factor Xa or enterokinase (Invitrogen, Sau Diego, CA) between the purification 
domain and the histone deacetylase polypeptide also can be used to facilitate 
purification. One such e:?q)ression vector provides for expression of a fiision protein 
containing a histone deacetylase polypeptide and 6 histidine residues preceding a 

20 thioredoxin or an enterokinase cleavage site. The histidine residues facilitate 
purification by IMAC (immobilized metal ion afBnity chromatography, as described 
in Porath et al, Prot Exp. Purif. 3, 263-281, 1992), while the ent^okinase cleavage 
site provides a means for purifying the histone deacetylase polypeptide firom the 
fiision protem. Vectors which contain fiision protems are disclosed in Kroll et aL^ 

25 DNA Cell Biol 12, 441-453, 1993. 

Chemical Synthesis 

Sequences encoding a histone deacetylase polypeptide can be synthesized, in whole 
30 or in part, usiag chemical methods well known in the art (see Caruthers et aL, NucL 
Acids Res. Symp. Ser. 215-223, 1980; Horn et al NucL Acids Res. Symp. Ser. 225- 



wo 02/30970 



PCT/EPOl/11759 



-26- 

232, 1980). Alternatively, a histone deacetylase polypeptide itself can be produced 
using chemical methods to synthesize its aioaino acid sequence, such as by direct 
peptide synthesis using solid-phase techniques (Menifield, J, Am, Chem, Soa 85, 
2149-2154, 1963; Roberge et al.. Science 269, 202-204, 1995). Protem synthesis can 
5 be performed using manual techniques or by automation. Automated synthesis can 
be achieved, for example, using AppUed Biosystems 431 A Peptide Synthesizer 
(Peridn Ehner). Optionally, firagments of histone deacetylase polypeptides can be 
separately synthesized and combined using chemical methods to produce a fall- 
length molecule. 

10 

The newly synthesized peptide can be substantially purified by preparative high 
performance liquid chromatography {e.g., Creighton, Proteins: Structures and 
Molecular Principles, WH Freeman and Co., New York, N.Y., 1983). The 
composition of a synthetic histone deacetylase polypeptide can be confirmed by 
IS amino acid analysis or sequencing (e.g,, the Edman degradation procedure; see 
Creighton, stq>rd). Additionally, any portion of the amino acid sequence of the 
histone deacetylase polypeptide can be altered during direct synthesis and/or 
combined using chemical methods with sequences from other proteins to produce a 
variant polypeptide or a fusion protein. 

20 

Production of Altered Polvpevtides 

As will be understood by those of skill in &e ait, it may be advantageous to i)roduce 
histone deacetylase polypeptide-encoding nucleotide sequences possessing non- 
25 naturally occurring codons. For example, codons preferred by a particular prokary- 
otic or eukaryotic host can be selected to increase the rate of protein expression or to 
produce an RNA transcript having desirable properties, such as a half-life which is 
longer than that of a transcript generated from the naturally occurring sequence. 

30 The nucleotide sequences disclosed herein can be engineered using methods 
generally known in the art to alter histone deacetylase polypeptide^encoding 
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sequences for a variety of reasons, including but not limited to, alt^tions which 
modify the cloning, processing, and/or esqpression of the polypeptide or mKNA 
product DNA shuffling by random firagmmtation and PGR reassembly of gene 
fragments and synthetic oligonucleotides can be used to engmeer the nucleotide se- 
5 quences. For example, site-directed mutagenesis can be \ised to insert new restriction 
sites, alter glycosylation patterns, change codon preference, produce splice variants, 
introduce mutations, and so forth. 

Antibodies 

10 

Any type of antibody known in the art can be generated to bind specifically to an 
epitope of a histone deacetylase polypeptide. "Antibody" as used herein includes 
intact inununoglobulin molecules, as well as firagments thereoi^ such as Fab, F(ab')2, 
and Fv, which are capable of binding an epitope of a histone deacetylase polypeptide. 
15 Typically, at least 6, 8, 10, or 12 contiguous amino acids are required to form an 
epitope. However, epitopes which involve non-contiguous amino adds may require 
more, e.g., at least IS, 25, or 50 amino acids. 

An antibody which specifically binds to an epitope of a histone deacetylase poly- 
20 peptide can be used therapeutically, as well as in immunochemical assays, such as 
Western blots, EUSAs, radioimmunoassays, iromunohistochemical assays, immuno- 
precipitations, or other immunochemical assays known in the art Various immuno- 
assays can be used to identify antibodies having the desired specificity. Numerous 
protocols for competitive binding or immunoradiometric assays are well known in 
25 the art. Such immunoassays typically involve the measurement of complex 
formation between an immunogen and an antibody which specifically binds to tiie 
immunogen. 

Typically, an antibody which specifically binds to a histone deacetylase polypeptide 
30 provides a detection signal at least 5-, 10-, or 20-fold higher than a detection signal 
provided with other proteins when used in an immunochemical assay. Preferably, 
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azLtibodies which specifically bind to histone acetylase polypeptides do not detect 
other proteins in immunochemical assays and can immunoprecipitate a histone 
deacetylase polypeptide fiom solution. 

5 Human histone deacetylase polypeptides can be used to immunize a mammal, such 
as a mouse, rat, rabbit, guiaea pig, monke/, or human, to produce polyclonal 
antibodies. If desired, a histone deacetylase polypeptide can be conjugated to a 
carrier proteLo, such as bovine serum albumin, thyroglobulin, and keyhole limpet 
hemocyanin. Depending on the host species, various adjuvants can be used to 
10 increase the immimological response. Such adjuvants include, but are not Umited to, 
Freund*s adjuvant, mineral gels (e.g;, aluminum hydroxide), and surface active 
substances {e.g. lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions, 
keyhole limpet hemocyanin, and dinitrophenol). Among adjuvants used in humans, 
BCG (bacilli Calmette-Gueriri) and Coiynebacteriunt^arvum are especially useful. 

15 

Monoclonal antibodies which specifically brad to a histone deacetylase polypeptide 
can be prepared using any technique which provides for the production of antibody 
molecules by continuous ceU hnes in culture. These techniques include, but are not 
limited to, the hybridoma technique, the human B-cell hybridoma technique, and the 
20 EBV-hybridoma technique (Kohler et aL^ Nature 256^ 495-497, 1985; Kozbor et a/., 
/. Immunol Methods 81, 31-42, 1985; Cote et al., Proc. Natl Acad Scl 80, 2026- 
2030, 1983; Colo et aL, Mol Cell Biol 62, 109-120, 1984). 

In addition, techniques developed for tiie production of ""chimeric antibodies,*' the 
25 splicing of mouse antibody genes to human antibody genes to obtain a molecule with 
appropriate antigen specificity and biological activity, can be used (Morrison et al. 
Proa Natl Acad Set 81, 6851-6855, 1984; Neuberger et a/.. Nature 312, 604-608, 
1984; Takeda et al. Nature 314, 452-454, 1985). Monoclonal and other antibodies 
also can be 'Tiumanized" to prevent a patient fiom mounting an immune response 
30 against the antibody when it is used therapeutically. Such antibodies may be 
sufiOlciently similar in sequence to human antibodies to be used directiy in therapy or 
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may require alteration of a few key residues. Sequeuce di£ferences between rodent 
antibodies and human sequences can be minimized by replacing residues which 
differ from those in the human sequences by site directed mutagenesis of individual 
residues or by grating of entire complementarity detCTnining regions. Alternatively, 
5 humanized antibodies can be produced using recombinant methods, as described in 
GB2188638B. Antibodies which specifically bind to a histone deacetylase poly- 
peptide can contain antigen binding sites which are either partially or fully 
humanized, as disclosed in U.S. 5,365,332. 

10 Altotnatively, techniques described for the production of single chain antibodies can 
be adapted using methods known in the art to produce single chain antibodies which 
specifically bind to histone deacetylase polypeptides. Antibodies with related 
specificity, but of distinct idiotypic composition, can be generated by chain shudSling 
from random combinatorial immunoglobin libraries'^urton, Proc, Natl Acad. Set 

15 S«, 11120-23,1991). 

Single-chain antibodies also can be constructed using a DNA an:q)lification method, 
such as PGR, using hybridoma cDNA as a template (Thirion et aL, 1996, Eur. J. 
Cancer Prev. 5, 507-11). Single-chain antibodies can be mono- or bispecific, and 
20 can be bivalent or tetravalent Constmction of tetravalent, bispecific single-chain 
antibodies is taught, for example, in Coloma & Morrison, 1997, Nat. Biotecknol 15, 
159-63. Construction of bivalent, bispecific single-chain antibodies is taught in 
Mallender & Voss, 1994, J. Biol. Chem. 269, 199-206. 

25 A nucleotide sequence encoding a single-chain antibody can be constructed using 
manual or automated nucleotide synthesis, cloned into an expression construct using 
standard recombinant DNA methods, and introduced into a cell to express the coding 
sequence, as described below. Alternatively, single-chain antibodies can be 
produced directly using, for example, filamentous phage technology (Verhaar et al., 

30 1995, Int. J. Cancer 61, 497-501; Nicholls et aL, 1993, J. ImmtmoL Meth. 165, 81- 
91). 
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Antibodies which specifically biad to histone deacetylase polypeptides also can be 
produced by inducing in vivo production in the lymphocyte population or by 
screening immunoglobulin libraries or panels of highly specific binding reagents as 
5 disclosed in the Uterature (Orlandi et al, Proc. Natl Acad Set 86, 3833-3837, 1989; 
Winter et al.. Nature 349, 293-299, 1991). 

O&er types of antibodies can be constructed and used therapeutically in methods of 
the invention. For example, chimeric antibodies can be constructed as disclosed in 
10 WO 93/03151. Binding proteins which are derived from immunoglobulins and 
which are multivalent and muWspecific, such as the "diabodies" described in WO 
94/13804, also can be prepared. 

Antibodies according to the invention can be purified by methods well known in the 
15 art. For example, antibodies can be afiSnity purified by passage over a cohunn to 
which, a histone deacetylase polypeptide is boimd. The bound antibodies can then be 
eluted fix>m the column using a buffer with a high salt concentration. 

Antisense Olimnucleotides 

20 

Antisense oligonucleotides are nucleotide sequences which are complementary to a 
specific DNA or UNA sequence. Once introduced into a cell, the complementary 
nucleotides combine with natural sequences praduced by the cell to fonn complexes 
and block either transcription or translation. Preferably, an antisense oligonucleotide 
25 is at least 11 nucleotides in length, but can be at least 12, 15, 20, 25, 30, 35, 40, 45, 
or 50 or more nucleotides long. Longer sequences also can be used. Antisense 
oligonucleotide molecules can be provided in a DNA construct and introduced into a 
cell as described above to decrease the level of histone deacetylase gene products in 
the cell. 
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Antisense oligonucleotides can be deoxyiibonucleotides, ribonucleotides, or a combi- 
nation of both. Oligonucleotides can be synthesized manually or by an automated 
synthesizer, by covalently linking tiie 5' end of one nucleotide with the 3' end of 
another nucleotide with non-phosphodiester intemucleotide linkages such alkyl- 
S phosphonates, phosphorothioates, phosphorodithioates, alkylphosphonothioates, 
alky^hosphonates, phosphoraznidates, phosphate esters, carbanoiates, acetamidate, 
carboxymethyl esters, carbonates, and phosphate triesters. See Brown, Meth MoL 
Biol 20^ 1-8, 1994; Sonveaux, Meth MoL Biol. 26, 1-72, 1994; Uhlmann et aL, 
Chem. Rev. 90, 543-583, 1990. 

10 

Modifications of histone deacetylase gene expression can be obtained by designing 
antisense oligonucleotides which will form duplexes to the control, 5', or regulatory 
regions of the histone deacetylase gene. Oligonucleotides derived from the 
transcription initiation site, e.g,, between positions -lOand +10 fix)m the start site, are 

15 preferred. Similarly, inhibition can be achieved using "triple helix" base-pairing 
methodology. Triple helix pairing is useful because it causes inhibition of the ability 
of the double helix to open sufficiently for the binding of polymerases, transcription 
factors, or chaperons. Therq>eutic advances using triple DNA have been described 
in the literature {e.g.. Gee et aL, in Huber & Carr, MOUBCULAR AND IMMUNOLOGIC 

20 Approaches, Futura Publishing Co., Mt Kisco, N.Y., 1994). An antisense 
oligonucleotide also can be designed to block translation of mKNA by preventing the 
transcript from binding to ribosomes. 

Precise complementarity is not required for successful coniplex formation between 
25 an antisense oligonucleotide and the complementary sequence of a histone deace- 
tylase polynucleotide. Antisense oligonucleotides which comprise, for example, 2, 3, 
4, or 5 or more stretches of contiguous nucleotides which are precisely comple- 
mentary to a histone deacetylase polynucleotide, each separated by a stretch of 
contiguous nucleotides which are not complementary to adjacent histone deacetylase 
30 nucleotides, can provide sufficient targeting specificity for histone deacetylase 
mKNA. Preferably, each stretch of complementary contiguous nucleotides is at least 
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4, 5, 6, 7, or 8 or more nucleotides in length. Non-complementary intervening 
sequences aie preferably 1, 2, 3, or 4 nucleotides in length. One skilled in the art can 
easily use the calculated melting point of an antisense-sense pair to determine the 
degree of mismatching which will be tolerated between a particular antisense 
S oligonucleotide and a particular histone deacetylase polynucleotide sequence. 

Antisense oligonucleotides can be modified without afiTectmg tibieir ability to 
hybridize to a histone deacetylase i>olynucleotide. These modifications can be 
intCTial or at one or both ends of the antisense molecule. For example, inter- 

10 nucleoside phosphate linkages can be modified by adding cholesteryl or diamine 
moieties with varying nmnbers of carbon residues between the amino groups and 
terminal ribose. Modified bases and/or sugars, such as arabinose instead of ribose, or 
a 3', 5'-substituted oligonucleotide in which the 3* hydroxyl group or the 5' phosphate 
group are substituted, also can be employed in a modified antisense oligonucleotide. 

15 These modified oligonucleotides can be prepared by methods well known in the art. 
See, e.g., Agrawal et al. Trends Biotechnol 10, 152-158, 1992; Uhhnann et al, 
Chenu Rev. 90, 543-584, 1990; Uhhnann et al. Tetrahedron. Lett. 215, 3539-3542, 
1987. 

20 Ribozvmes 

Ribozymes are KNA molecules with catalytic activity. See, e.g., Cech, Science 236, 
1532-1539; 1987; Cech, Ann. Rev. Biochem. 59, 543-568; 1990, Cech, Curr. Opin. 
Struct. Biol 2, 605-609; 1992, Couture & Stinchcomb, Trends Genet. 12, 510-515, 

25 1996. Ribozymes can be used to inhibit gene fimction by cleaving an RNA sequence, 
as is known in the art (e.g., Haseloff et at., U.S. Patent 5,641,673). The mechanism 
of ribozyme action involves sequence-specific hybridization of the ribozyme 
molecule to complementary target RNA, followed by endonucleolytic cleavage. 
Examples include engineered hammerhead motif ribozyme molecules that can 

30 specifically and efficiently catalyze endonucleolytic cleavage of specific nucleotide 
sequences. 
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The coding sequence of a histone deacetylase polynxxcleotide can be used to generate 
ribozymes which will specifically bind to mKNA transcribed fiDm the histone 
deacetylase polynucleotide. Methods of designing and constructing ribozymes which 
S can cleave other KNA molecules in trans in a highly sequence specific manner have 
been developed and described in the art (see Haselojff et al. Nature 334, 585-591, 
1988). For example, tibie cleavage activity of ribozymes can be targeted to specific 
RNAs by engineering a discrete 'Tiybridization** region into the ribozyme. The 
hybridization region contains a sequence complementary to the target RNA and thus 
10 specifically hybridizes with the target (see, for example, Gerlach et al., EP 321,201). 

Specific ribozyme cleavage sites within a histone deacetylase RNA target can be 
identified by scanning the target molecule for ribozyme cleavage sites which include 
the followiag sequences: GUA, GUU, and GUC: Once identified, short RNA 

15 sequences of between 15 and 20 ribonucleotides corresponding to the region of the 
target RNA containing the cleavage site can be evaluated for secondary structural 
features which may render the target inoperable. Suitability of candidate histone 
deacetylase KNA targets also can be evaluated by testing accessibility to 
hybridization with complementary oligonucleotides using ribonuclease protection 

20 assays. Longer complementary sequences can be used to increase the afiSnity of the 
hybridization sequence for the target The hybridizing and cleavage regions of the 
ribozyme can be integrally related such that upon hybridizing to the target RNA 
through the complementary regions, the catal3^c region of the ribozyme can cleave 
the target. 

25 

Ribozymes can be introduced into ceUs as part of a DNA construct Mechanical 
methods, such as microinjection, Kposome-mediated transfection, electroporation, or 
calcium phosphate precipitation, can be used to introduce a ribozyme-containing 
DNA construct into cells in which it is desired to decrease histone deacetylase 
30 expression. Alternatively, if it is desired that the cells stably retain the DNA 
construct, the construct can be supplied on a plasmid and maintained as a separate 
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element or integrated into tiie genome of the cells, as is known in the art A 
ribozyme-encoding DNA construct can include transcriptional regulatory elements, 
such as a promoter element, an enhancer or UAS element, and a transcriptional 
terminator signal, for controlling transcription of libozymes in the cells. 

5 

As taught in Haselofif et aL^ U.S. Patent 5,641,673, libozymes can be engineored so 
that ribozyme expression will occur in response to factors which induce e^jpression 
of a target gene. Ribozymes also can be engineered to provide an additional level of 
regulation, so that destmction of mRNA occurs only when both a ribozyme and a 
1 0 target gene are induced in the cells. 

DiiTerentiallv Expressed Genes 

Described herein are methods for the identification of genes whose products interact 
15 with human histone deacetylase. Such genes may represent genes which are 
differentially expressed in disorders including, but not limited to, cancer. Furflier, 
such genes noiay represent genes vdiich are differentially regulated in response to 
manipulations relevant to the progression or treatment of such diseases. Addition- 
ally, such genes may have a temporally modulated expression, increased or decreased 
20 at different stages of tissue or organism development. A differentially expressed 
gene may also have its expression modulated imder control versus experimental 
conditions. In addition, the human histone deacetylase gene or gene product may 
itself be tested for differential expression. 

25 The degree to which expression differs in a normal versus a diseased state need only 
be large enough to be visualized via standard characterization techniques such as 
differential display techniques. Other such standard characterization techniques by 
which expression differences may be visualized include but are not limited to, 
quantitative RT (reverse transcriptase), PGR, and Northern analysis. 



30 
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Identification of Differentially Expressed Genes 

To identify differentially expressed genes total RNA or, preferably, mRNA is 
isolated £rom tissues of interest. For example, RNA samples are obtained j&om 
S tissues of experimental subjects and from corresponding tissues of control subjects. 
Any UNA isolation technique which does not select against the isolation of noGRNA 
may be utilized for the purification of such RNA sanq>les. See, for example, Ausubel 
et al.y ed.„ CURRENT PROTOCOLS m Molecular Biology, John Wiley & Sons, Inc. 
New York, 1987-1993. Large numbers of tissue samples may readily be processed 
10 using techniques well known to those of skill in the art, such as, for example, the 
single-step RNA isolation process of Chomczynski, U.S. Patent 4,843,155. 

Transcripts within the collected RNA samples which represent RNA produced by 
differentially expressed genes are identified by meth&ds well known to those of skill 
15 in the art They include, for example, differential screening (Tedder et aL, Proc, 
Natl, Acad Sci, U.S.A. 85, 208-12, 1988), subtractive hybridization (Hedrick et aL, 
Nature 308, 149-53; Lee et a/., Proc. Natl Acad Set U.&A 88, 2825, 1984), and, 
preferably, differential display (Liang & Pardee, Science 257, 967-71, 1992; U.S. 
Patent 5,262,311). 

20 

The differential expression information may .itself suggest relevant methods for the 
treatment of disorders involving the human histone deacetylase. For example, 
treatment may include a. modulation of expression of the differentially expressed 
genes and/or the gene encoding the human histone deacetylase. The differential 
25 expression information may indicate whether the expression or activity of the 
differentially expressed gene or gene product or the human histone deacetylase gene 
or gene product are up-regulated or down- regulated. 
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Screenins^ Methods 

The inveotion jnrovides assays for screening test compounds which bind to or 
modulate the activity of a histone deacetylase polypeptide or a histone deacetylase 
5 polynucleotide. A test compound preferably binds to a histone deacetylase poly- 
peptide or polynucleotide. More preferably, a test compound decreases or increases 
histone acetylase activity by at least about 10, preferably about 50, more preferably 
about 75, 90, or 100% relative to the absence of the test compound. 

10 Test Compounds 

Test compounds can be pharmacologic agents already known in the art or can be 
compounds previously unknown to have any pharmacological activity. The 
compounds can be naturally occurring or designed in the laboratory. They can be 

15 isolated from microorganisms, animals, or plants, and can be produced re- 
combinantly, or synthesized by chemical methods known in tiie art If desired, test 
compounds can be obtained using any of the numerous combinatorial library 
methods known in the art, including but not limited to, biological libraries, spatially 
addressable parallel solid phase or solution phase libraries, synthetic library methods 

20 requiring deconvolution, the "one-bead one-compound" library method, and 
synthetic library methods using afiSnity chromatogr^hy selection. The biological 
Hbrary approach is limited to polypeptide libraries, while tiie otiier four ^proaches 
are s^plicable to polypeptide, non-peptide oligomer, or small molecule libraries of 
compounds. See I^am^ Anticancer Drug Des. 12, 145, 1997. 

25 

Methods for the synthesis of molecular Ubraries are well known in the art (see, for 
example, DeWitt et al. Proa. Natl Acad, Set U.S.A. 90, 6909, 1993; Eib et al. Proc. 
Natl Acad, Set U.SA. 91, 11422, 1994; Zuckennann et al, J, Med Chem. 37, 2678, 
1994; Caio et al. Science 261, 1303, 1993; Carell et al, Angew. Chem. Int Ed, Engl 
30 33, 2059, 1994; Carell et al, Angew, Chem, Int Ed Engl 33, 2061; Gallop et al., J. 
Med Chem 37, 1233, 1994). Libraries of compounds can be presented in solution 
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{see^ e.g., Houghten, BioTecfmiques 13, All-Ally 1992), or on beads (Lam, Nature 
354y 82-84, 1991), chips (Fodor, Nature 364, 555-556, 1993), bacteria or spores 
(Ladner, U.S. Patent 5,223,409), plasmids (Cull et al, Proc. Natl Acad, ScL U,SA. 
89, 1865-1869, 1992), or phage (Scott & Smith, Science 249, 386-390, 1990; Devlin, 
5 Science 249, 404-406, 1990); Cwirla et ah, Proc. Natl Acad. Scl 97, 6378-6382, 
1990; FeUci, J. Mol Biol 222, 301-310. 1991; and Ladner, U.S. Patent 5,223,409). 

High Throughput Screening 

10 Test compounds can be screened for the ability to bind to histone deacetylase poly- 
peptides or polynucleotides or to aJBFect histone deacetylase activity or histone 
deacetylase gene expression using high throughput screening. Using high throughput 
screening, many discrete compounds can be tested in parallel so that large numbers 
of test compounds can be quickly screraed. The most widely established techniques 

15 utilize 96-well microtiter plates. The wells of the microtiter plates typically require 
assay volumes that range from 50 to 500 ^1. In addition to the plates, many 
instruments, materials, pipettors, robotics, plate washers, and plate readers are 
commercially available to fit the 96-well format. 

20 Altematively, ''free format assays," or assays tiiat have no physical barrier between 
samples, can be used. For example, an assay using pigment cells (melanocytes) in a 
simple homogeneous assay for combinatorial peptide libraries is described by 
Jayawickreme et ah, Proc. Natl Acad Set U.S.A. 19, 1614-18 (1994). The cells are 
placed under agarose in petri dishes, then beads that cany combinatorial compounds 

25 are placed on the surface of the agarose. The combinatorial compounds are partially 
released the compounds from the beads. Active compounds can be visualized as 
dark pigment areas because, as the compoimds diffuse locally into the gel matrix, the 
active compounds cause the cells to change colors. 

30 Another example of a free format assay is described by Chelsky, "Strategies for 
Screening Combinatorial Libraries: Novel and Traditional Approaches," reported at 
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the First Annxial Confeimce of The Society for Biomolecular Screening in 
Philadelphia, Pa. (Nov. 7-10, 1995). Chelsky placed a single homogenous enzyme 
assay for carbonic anhydrase inside an agarose gel such that the enzyme in the gel 
would cause a color change throughout the gel. Thereafter, beads carrying 
5 combinatorial compoimds via a photolinker were placed inside the gel and the 
compounds were partially released by UV-lig}it Compounds that inhibited the 
enzyme were observed as local zones of inhibition having less color change. 

Yet another example is described by Salmon et al.. Molecular Diversity 2, 57-63 
10 (1996). In this example, combinatorial libraries were screened for compounds that 
had cytotoxic effects on cancer cells growing in agar. 

Another high throughput screening method is described in Beutel et aL, U.S. Patent 
5,976,813- In this method, test samples are placed iira porous matrix. One or more 
15 assay components are then placed within, on top of, or at the bottom of a matrix such 
as a gel, a plastic sheet, a filter, or other form of easily manipulated solid support. 
When samples are introduced to the porous matrix they difiiise sufficiently slowly, 
such that the assays can be p^ormed without the test samples running together. 

20 Binding Assays 

For binding assays, the test compound is preferably a small molecule which binds to 
and occupies, for example, the active site of flie histone deacetylase polypeptide, 
such that normal biological activity is prevented. Examples of such small molecules 
25 include, but are not limited to, small peptides or peptide-like molecules. 

In binding assays, either the test compound or the histone deacetylase polypeptide 
can comprise a detectable label, such as a fluorescent, radioisotopic, chemilu- 
mtnescent, or enzymatic label, such as horseradish peroxidase, alkaline phosphatase, 
30 or luciferase. Detection of a test compound which is bound to the histone 
deacetylase polypeptide can then be accomplished, for example, by direct counting of 
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radioeEOimission, -by scintillation counting, or by detennining conversion of an 
appropriate substrate to a detectable product 

Alternatively, binding of a test conq)ound to a histone deacetylase polypeptide can be 
S detetmined without labeling eith^ of Hie interactants. For example, a micro- 
physiometer can be used to detect binding of a test conipound with a histone 
deacetylase polypeptide. A microphysiometer (e.g.9 Cytosensor'"^ is an analytical 
instrument tiiat measures the rate at which a cell acidifies its environment usmg a 
light-addressable potentiometric sensor (LAPS). Changes in this acidification rate 
10 can be used as an indicator of the interaction between a test compound and a histone 
deacetylase polypeptide CMcConnell et aL, Science 257, 1906-1912, 1992). 

Determining the ability of a test compound to bind to a histone deacetylase poly- 
peptide also can be accomplished using a technolo^ such as real-time Bimolecular 

15 Interaction Analysis (BIA) (Sjolander & Urbaniczky, Anal. Chem. 63, 2338-2345, 
1991, and Szabo et aL, Curr. Opin. Struct. Biol 5, 699-705, 1995). BIA is a 
technology for studying biospecific interactions in real time, without labeling any of 
the interactants {e.g.^ BIAcore™). Changes in the optical phenomenon sur&ce 
plasmon resonance (SPR) can be used as an indication of real-time reactions between 

20 biological molecules. 

In yet another aspect of the invention, a histone deacetylase polypeptide can be used 
as a '*bait protein** in a two-hybrid assay or three-hybrid assay (see, ^.g., U.S. Patent 
5,283,317; Zervos et aU Cell 72, 223-232, 1993; Madura et al., X Biol Chem. 268, 
25 12046-12054, 1993; Bartel et al, BioTechniques 14, 920-924, 1993; Iwabuchi et al. 
Oncogene 8, 1693-1696, 1993; aad Brent W094/10300), to identify other proteins 
which bind to or interact with the histone deacetylase polypeptide and modulate its 
activity. 

30 The two-hybrid system is based on the modular nature of most transcription factors, 
which consist of separable DNA-bmding and activation domains. Briefly, the assay 
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utilizes two different DNA constructs. For example, in one construct, polynucleotide 
encoding a histone deacetylase polypeptide can be fused to a polynucleotide 
encoding the DNA binding domain of a known transcription &ctor (e.g. , GAL-4). In 
the other construct a DNA sequence that encodes an unidentUSed protein C^^y" or 
5 ^'sample") can be fused to a polynucleotide that codes for the activation domain of 
the known transcription factor. If the **bait" and the '^prey** proteins are able to 
interact in vivo to form an protein-dependent complex, ttie DNA-binding and 
activation domains of the transcription j&ctor are brou^t into close proxunity. This 
proximity allows transcription of a reporter gene (e.g., LacZ), which is operably 
10 hnked to a transcriptional regulatory site responsive to the transcription factor. 
Expression of the reporter gene can be detected, and cell colonies containing the 
functional transcription factor can be isolated and used to obtain the DNA sequence 
encoding the protein which interacts with the histone deacetylase polypeptide. 

15 It may be desirable to immobilize either the histone deacetylase polypeptide (or 
polynucleotide) or the test compoiuid to facilitate separation of bound firom unbound 
forms of one or both of the int^ractants, as well as to accommodate automation of Hxe 
assay. Thus, either the histone deacetylase polypeptide (or polynucleotide) or the test 
compound can be bound to a solid support. Suitable solid supports include, but are 

20 not linodted to, glass or plastic sUdes, tissue culture plates, microtiter wells, tubes, 
silicon chq>s, or particles such as beads ^eluding, but not limited to, latex, 
polystyrene^ or glass beads). Any method known in the art can be used to attach the 
enzyme polypeptide (or polynucleotide) or test con4>ound to a soUd support, 
including use of covalent and non-covalent linkages, passive absorption, or pairs of 

25 binding moieties attached respectively to the polypeptide (or polynucleotide) or test 
compound and the solid support Test compoimds are preferably bonnd to the solid 
support in an array, so that the location of individual test compounds can be tracked. 
Binding of a test compound to a histone deacetylase polypeptide (or polynucleotide) 
can be accomplished in any vessel suitable for contaioing the reactants. Examples of 

30 such vessels include microtiter plates, test tubes, and microcentn&ge tubes. 
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In one embodiment, the histone deacetylase polypeptide is a fusion protein 
conopiising a domain that allows the histone deacetylase polypeptide to be bound to a 
solid support. For example, glutathione-S-transferase fusion proteiiis can be 
adsorbed onto glutathione sepharose beads (Sigma Chemical, St Louis, Mo.) or 
S glutathione derivatized miciotiter plates, which are tiben combined with tiie test 
compound or the test compound and the non-adsoibed histone deacetylase poly- 
peptide; tiie mixture is then incubated under conditions conducive to complex 
formation (e.g., at physiological conditions for salt and pH). Following incubation, 
the beads or microtiter plate wells are washed to remove any unbound components. 
10 Binding of the interactants can be determined either directly or indirectly, as 
described above. Alternatively, the complexes can be dissociated from the solid 
support before binding is determined. 

Other techniques for immobilizing proteins or polynudeotides on a solid support also 
15 can be used in the screening assays of the invention. For example, dflier a histone 
deacetylase polypeptide (or polynucleotide) or a test compound can be immobilized 
utilizing conjugation of biotin and streptavidin. Biotinylated histone deacetylase 
polypeptides (or polynucleotides) or test compounds can be prepared from biotin- 
NHS(N-hydroxysuccinimide) using techniques well known in the art (e.g., 
20 biotinylation kit. Pierce Chemicals, Rockford, HL) and inunobilized in tibte wells of 
streptavidin-coated 96 well plates (Pierce Chemical). Altmiatively, antQ>odies which 
specifically bind to a histone deacetylase polypeptide, polynucleotide, or a test 
compound, but which do not interfeie with a desired binding site, such as the active 
site of the histone deacetylase polypeptide, can be derivatized to the wells of the 
25 plate. Unbound target or protein can be tr^ped in the wells by antibody conjugation. 

Methods for detecting such complexes, in addition to those described above for the 
GST-immobilized complexes, include immimodetection of complexes using 
antibodies which specifically bind to the histone deacetylase polypeptide or test 
30 compound, enzyme-linked assays which rely on detecting an activity of the histone 
deacetylase polypeptide, and SDS gel electrophoresis under non-reducing conditions. 
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Screemng for test compounds which bind to a histone deacetylase polypeptide or 
polynucleotide also can be carried out in an intact cell. Any cell which comprises a 
histone deacetylase polypeptide or polynucleotide can be used in a cell-based assay 
5 system. A histone deacetylase polynucleotide can be naturally occurring in the cell 
or can be introduced using techniques such as those described above. Binding of the 
test compound to a histone deacetylase polypeptide or i>olynucleotide is determined 
as described above. 

10 Enzyme Assays 

Test compoimds can be tested for the ability to increase or decrease the histone 
acetylase activity of a human histone deacetylase polypeptide. Histone acetylase 
activity can be measured, for example, as described iif the specific examples, below. 

15 

Enzyme assays can be carried out after contacting either a purified histone 
deacetylase polypeptide, a cell membrane preparation, or an intact cell with a test 
conipound. A test compound which decreases a histone acetylase activity of a 
histone deacetylase polypeptide by at least about 10, preferably about SO, more 
20 preferably about 75, 90, or 100% is identified as a potential therapeutic agent for 
decreasing histone deacetylase activity. A test compound which increases a histone 
acetylase activity of a human histone deacetylase polypeptide by at least about 10, 
preferably about 50, more preferably about 75, 90, or 100% is identified as a 
potential thers^eutic agent for increasing human histone deacetylase activity. 

25 

Gene Expression 

In another embodiment, test compounds which increase or decrease histone 
deacetylase gene expression are identified. A histone deacetylase polynucleotide is 
30 contacted with a test conq)ound, and the expression of an RNA or polypeptide 
product of the histone deacetylase polynucleotide is determined. The level of 
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expression of apiHt)priate mRNA or polypeptide in the presence of the test compound 
is compared to the level of expression of mRNA or polypeptide in tiie absence of the 
test compound. The test compound can then be identified as a modulator of 
expression based on this comparison. For example, when expression of mRNA or 
5 polypeptide is greater in &e presence of the test compound than in its absence, the 
test compound is identified as a stimulator or enhancer of the idRNA or polypeptide 
expression. Alternatively, when expression of the mRNA or polypeptide is less in 
the presence of the test compound than in its absence, the test compound is identified 
as an inhibitor of the mRNA or polypeptide expression. 

10 

The level of histone deacetylase mRNA or polypeptide expression in the cells can be 
detemiined by methods well known in the art for detecting mRNA or polypeptide. 
Either qualitative or quantitative methods can be used. The presence of polypeptide 
products of a histone deacetylase polynucleotide cah be determined, for example, 
15 using a variety of techniques known in the art, including immunochemical methods 
such as radioimmunoassay. Western blotting, and immunohistochemistry. Alterna- 
tively, polypeptide synthesis can be determined in vivo, in a cell culture, or in an m 
vitro translation system by detecting incorporation of labeled amino acids into a 
histone deacetylase polypeptide. 

20 

Such scre^iing can be carried out eiflier in a cell-firee assay system or in an intact 
cell. Any cell which expresses a histone deacetylase polynucleotide can be used in a 
cell-based assay system. The histone deacetytase polynucleotide can be naturally 
occurring in the cell or can be introduced using techniques such as those desoibed 
25 above. Either a primary culture or an established cell line, such as CHO or human 
embryonic kidney 293 cells, can be used. 

Pharmaceutical Compositions 

30 The invention also provides pharmaceutical compositions which can be administered 
to a patierit to achieve a therapeutic effect. Pharmaceutical compositions of the 
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inventioii can comprise, for ^cample, a histone deacetylase polypeptide, histone 
deacetylase polynucleotide, ribozymes or antisense oligonucleotides, antibodies 
which specifically bind to a histone deacetylase polypeptide, or mimetics, activators, 
inhibitors, or inhibitors of a histone deacetylase polypeptide activity. The 
5 compositions can be administered alone or in combination with at least one other 
agent, such as stabilizing compound, which can be administered in any sterile, 
biocompatible pharmaceutical carrier, including, but not limited to, saline, buffered 
saline, de}ctrose, and water. The compositions can be administered to a patient alone, 
or in combination with other agents, drugs or hormones. 

10 

In addition to the active ingredients, these pharmaceutical conqjositions can contain 
suitable pharmaceutically-acceptable carriers comprising excipients and auxiliaries 
which facilitate processing of the active compounds into preparations which can be 
used pharmaceutically. Pharmaceutical compositions of the invention can be 

15 administered by any number of routes including, but not limited to, oral, iatravenous, 
intramuscular, intra-arterial, intramedullary, intrathecal, intraventricular, transdermal, 
subcutaneous, intraperitoneal, intranasal, parenteral, topical, sublingual, or rectal 
means. Pharmaceutical compositions for oral administration can be fomiulated using 
pharmaceutically acceptable carriers well known in the art in dosages suitable for 

20 oral administration. Such carriers enable tiie pharmaceutical conq>ositions to be 
formulated as tablets, pills, dragees, c£q;)sules, liquids, gels, synq>s, slurries, sus- 
pensions, and the like, for ingestion by the patient 

Pharmaceutical preparations for oral use can be obtained through combination of 
25 active compounds with solid exdpient, optionally grinding a resulting mixture, and 
processing the mixture of granules, after adding suitable auxiliaries, if desired, to 
obtain tablets or dragee cores. Suitable excipients are carbohydrate or protein fillCTS, 
such as sugars, including lactose, sucrose, mannitol, or sorbitol; starch from com, 
wheat, rice, potato, or other plants; cellulose, such as methyl cellulose, 
30 hydroxypropyhnethyl-cellulose, or sodium carboxymethylcellulose; gums including 
arabic and tragacanth; and proteins such as gelatin and collagen. If desired. 
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disintegrating or solubilizing ageats can be added, such as the cross-lmked polyvinyl 
pyirolidone, agar, alginic acid, or a salt thereof^ such as sodium al^mate. 

Dragee cores can be used in conjunction with suitable coatings, such as concentrated 
5 sugar solutions, which also can contain gum arable, talc, polyvinylpyrroHdone, 
caxbopol gel, polyethylene glycol, and/or titanium dioxide, lacquer solutions, and 
suitable organic solvents or solvent mixtures. Dyestuf & or pigments can be added to 
the tablets or dragee coatings for product identification or to characterize the quantity 
of active compound, /.e., dosage. 

10 

Pharmaceutical preparations which can be used orally include push-fit c^sriles made 
of gelatin, as well as soft, sealed capsules made of gelatin and a coating, such as 
glycerol or sorbitol. Push-fit capsules can contain active iagredients mixed with a 
filler or binders, such as lactose or starches, lubricants, such as talc or magnesiirai 
15 stearate, and, optionally, stabilizers. In soft capsules, the active compounds can be 
dissolved or suspended in suitable liquids, such as fatty oils, Uquid, or liquid 
polyethylene glycol with or without stabilizers. 

Pharmaceutical formulations suitable for parenteral administration can be formulated 
20 in aqueous solutions, preferably in physiologically compatible buffers such as Hanks' 
solution. Ringer's solution, or physiologically buffered saline. Aqueous injection 
suspensions can contain substances which increase the viscosity of the suspension, 
such as sodium carboxymethyl cellulose, sprbitol, or dextran. Additionally, 
suspensions of the active compounds can be prepared as s^propiiate oily injection 
25 suspensions. Suitable lipophilic solvents or vehicles include fatty oils such as sesame 
oil, or synthetic fatty acid esters, such as ethyl oleate or triglycerides, or liposomes. 
Non-lipid polycationic amino polymers also can be used for dehvery. Optionally, the 
suspension also can contain suitable stabilizers or agents which increase the 
solubility of the compoimds to allow for the preparation of highly concentrated 
30 solutions. For topical or nasal administration, penetrants appropriate to the particular 
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barrio to be permeated aie used in the formulatioiL Such penetrants are generally 
known in the art 

The pharmaceutical conq^ositions of fhc present invention can be manufactured in a 
S manner that is known in the art, e.g,y by means of conventional mixing, dissolving, 
granidatmg, dragee-making, levigating, emulsifying, enc^sulating, entrapping, or 
lyophilizing processes. The pharmaceutical composition can be provided as a salt 
and can be formed with many acids, including but not limited to, hydrochloric, 
sulfiiric, acetic, lactic, tartaric, malic, succinic, etc. Salts tend to be more soluble in 
10 aqueous or other protonic solvents than are the corresponding free base forms. In 
other cases, the preferred preparation can be a lyophilized powder which can contain 
any or all of the followiag: 1-50 mM histidine, 0.1%-2% sucrose, and 2-7% 
mannitol, at a pH range of 4.5 to 5.5, that is combined with buffer prior to use. 

15 Further details on techniques for formulation and administration can be found in the 
latest edition of REMINGTON'S PHARMACEUTICAL Sciences (Maack PubUshing Co., 
Baston, Pa.). After pharmaceutical compositions have been prepared, they can be 
placed in an ^propriate container and labeled for treatment of an indicated 
condition. Such labeling would include amount, frequency, and method of admini- 

20 stration. 

Therapeutic Indications and Methods 

Increasing evidence from recent research suggests a connection between cancer and a 
25 deranged equilibriimi of histone acetylation, which is maintained by two competing 
enzymatic activities, histone acetyltransferases (HATs) and histone deacetylases 
(HDACs). Zwiebel, Leukemia 14, 488-90, 2000; Melhick et al, Mol Cell Biol 20, 
2075-86, 2000; Kosugi et al. Leukemia 13, 1316-24, 1999; Wang et al. Cancer Res, 
59, 2766-69, 1999; Fenrick & Hiebert, J. Cell Biochem. Suppl 30-31, 194-202, 
30 1998; Wang et aL, Proc. Natl Acad. Set U.S.A. 95, 10860-65, 1998. 
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A significant proportion of leukemias and possibly also solid tumors may have 
abnormalities involving HATs or HDACs at tiie genomic level through genetic 
mutations or chromosomal alterations. In these cases, altered levels of HATs or 
HDACs may derange the tigihtly regulated equilibrium of histone acetylaiion, which 
S may afTect the expression of a broad spectrum of cellular genes. On the oth^ hand, 
HATs and HDACs may be carried to defined target promoters as co&ctors of 
transcription factor-bound repressor or enhancer conq>lexes and thereby carry out 
unwanted enzymatic activities in the wrong place at the wrong time. We flierefore 
propose a model for disease being associated with a deranged equilibrium of 
1 0 acetylation ttiat affects histone proteins and promoter-bound traxiscription &ctors. 

Human histone deacetylase, therefore, can be regulated to treat cancer. Cancer is a 
disease fundamentally caused by oncogenic cellular transformation. There are sev- 
eral hallmarks of transformed cells that distinguish them from their normal 

15 counterparts and underlie the pathophysiology of cancer. These include uncontrolled 
cellular proliferation, unresponsiveness to normal death-inducing signals 
(immortalization), increased cellular motility and invasiveness, increased abihty to 
recruit blood supply through induction of new blood vessel formation (angiogenesis), 
genetic instability, and dysregulated gene expressioiL Various combinations of tiiese 

20 aberrant physiologies, along with the acquisition of drug-resistance frequently lead to 
an intractable disease state in which organ failine and patient death ultimately ensue. 

Most standard cancer ther^ies target cellular proliferation and rely on the 
differential proliferative edacities between transformed and normal cells for their 
25 efScacy. This approach is hind^ied by the facts that several important normal cell 
types are also highly proliferative and that cancer cells firequentiy become resistant to 
these agents. Thus, the therapeutic indices for traditional anti-cancer therapies rarely 
exceed 2.0. 

30 The advent of genomics-driven molecxilar target identification has opened up the 
possibility of identifying new cancer-specific targets for therapeutic intervention that 
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will provide safer, more effective treatments for cancer patients. Thus, newly 
discovered tumor-associated genes and their products can be tested for their role(s) ia 
disease and used as tools to discover and develop innovative th^r^ies. Genes 
playing important roles in any of the physiological processes outlined above can be 
5 characterized as cancer targets. 

Genes or gene fragments identified through genomics can readily be expressed in one 
or more heterologous expression systems to produce functional recombinant proteins. 
These proteins are characterized in vitro for their biochemical properties and tiien 

10 used as tools in high-throughput molecular screening programs to identify chemical 
modidators of their biochemical activities. Activators and/or iohibitors of target 
protein activity can be identified in this manner and subsequently tested in cellular 
and in vivo disease models for anti-cancer activity. Optimization of lead compounds 
with iterative testing in biological models and 'detailed pharmacokinetic and 

15 toxicological analyses fomi the basis for drug development and subsequent testing ixx 
humans. 

This invention further pertains to the use of novel agents identified by the screening 
assays described above. Accordingly, it is within the scope of this invention to use a 

20 test conipound identified as described herein in an appropriate animal model. For 
example, an agent identified as described herein (e.g:, a modulating agent, an 
antisense nucleic acid molecule, a specific antibody, ribozyme, or a histone 
deacetylase polypeptide binding molecule) can be used in an asiimal model to 
determine the efBcacy, toxicity, or side effects of treatment with such an agent 

25 Alternatively, an agent identified as desoibed herein can be used in an animal model 
to determine the mechanism of action of such an agent. Furthermore, this invention 
pertains to uses of novel agents identified by the above-described screening assays 
for treatments as described herein. 

30 A reagent which affects histone deacetylase activity can be administered to a human 
cell, either in vitro or in vivo, to reduce histone deacetylase activity. The reagent 
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pieforably binds to an e3q>ression product of a hiiman histone deacetylase gene. If 
the expression product is a protein, the reagent is preferably an antibody. For 
treatment of hiunan cells ex vivo, an antibody can be added to a preparation of stem 
cells i?^ch have been removed fix>m the body. The cells can then be replaced in the 
5 same or another human body, with or without clonal propagation, as is known in the 
art 

In one embodiment, the reageat is delivered using a liposome. Preferably, the 
liposome is stable in the animal into which it has been administered for at least about 

10 30 minutes, more preferably for at least about 1 hour, and even more preferably for at 
least about 24 hours. A liposome comprises a lipid composition that is capable of 
targeting a reagent, particularly a polynucleotide, to a partictilar site in an animal, 
such as a human. Prefembly, the lipid composition of the liposome is capable of 
targeting to a specific organ of an animal, such as th^g^lung, liver, spleen, heart brain, 

1 S lymph nodes, and skin. 

A liposome useful in the present invention conq>rises a lipid composition that is 
cs^able of fusing with &e plasma membrane of the targeted cell to deliver its 
contents to the cell. Preferably, the transfection ef&ciency of a liposome is about 

20 0.5 |ig of DNA per 16 nmole of liposome delivered to about 10^ cells, more 
preferably about 1.0 ^g of DNA per 16 nmole of liposome delivered to about 10^ 
cells, and even moro preferably about 2.0 \ig of DNA per 16 mnol of liposome 
delivered to about 10^ cells. Preferably, a liposome is between about 100 and 
SOO mn, moro preferably between about ISO and 450 nm, and even more preferably 

25 between about 200 and 400 nm in diameter. 

Suitable liposomes for use in the present invention include those liposomes 
standardly used in, for example, gene delivery methods known to those of skill in the 
art. More preferred liposomes include liposomes having a polycationic lipid 
30 composition and/or liposomes haviug a cholesterol backbone conjugated to 
polyethylene glycol. Optionally, a liposome comprises a compound capable of 
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targeting the liposome to a particular cell type, such as a cell-specific ligaad exposed 
on the outer surface of the liposome. 

Complexing a liposome with a reagent such as an antisense oligonucleotide or 
5 libozyme can be achieved using methods which are standard in the art (see, for 
example, U.S. Patent 5,705,151). Preferably, from about 0.1 fig to about 10 fig of 
polynucleotide is combined with about 8 nmol of liposomes, more preferably from 
about 0.5 {ig to about 5 fig of polynucleotides are combined with about 8 nmol 
liposomes^ and even more preferably about 1.0 ^g of polynucleotides is combined 
10 with about 8 nmol liposomes. 

In another embodiment, antibodies can be delivered to specific tissues in vivo using 
receptor-mediated targeted delivery. Receptor-mediated DNA delivery techniques 
are taught in, for example, Findeis et aL Trends in lBiotechnol II y 202-05 (1993); 
15 Chiou et aL^ Gene Therapeutics: Methods and Applications of Direct Gene 
TRANSFER (LA. Wolff; ed.) (1994); Wu & Wu, J. Biol Chem. 263, 621-24 (1988); 
Wu et aL, J. Biol Chem. 269, 542-46 (1994); Zenke et ah, Proc, Natl Acad. Sci 
U.&A. 87, 3655-59 (1990); Wu et al, J, Biol Chem. 266, 338-42 (1991). 

20 Determination of a TherapeuticaUv Effective Dose 

The determination of a ther^eutically effective dose is well within the c^ability of 
those skilled in the art A therapeutically effective dose refers to that amount of 
active ingredient which increases or decreases histone deacetylase activity relative to 
25 the histone deacetylase activity which occurs in the absence of the ther^euticaUy 
effective dose. 

For any compoimd, the therapeutically effective dose can be estimated initially either 
in cell culture assays or in animal models, usually mice, rabbits, dogs, or pigs. The 
30 animal model also can be used to determine the appropriate concentration range and 
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route of administration. Such mformation can then be used to determine useful doses 
and routes for administration in humans. 

Ther^eutic efficacy and toxicity, eg., ED50 (the dose ther^eutically effective in 
5 50% of the population) and LD50 (the dose lethal to 50% of the population), can be 
determined by standard pharmaceutical procedures in cell cultures or e:q>erimental 
animals. The dose ratio of toxic to therapeutic effects is the therapeutic index, and it 
can be expressed as the ratio, LDso/ED^. 

10 Pharmaceutical compositions which exhibit large therapeutic indices are preferred- 
The data obtained from cell culture assays and animal studies is used in formulating a 
range of dosage for hiraian use. The dosage contained in such compositions is 
preferably within a range of circulating concentrations that include the ED50 with 
little or no toxicity. The dosage varies within this range depending upon the dosage 

15 form employed, sensitivity of the patient, and the route of administration. 

The exact dosage will be detemodned by the practitioner, ia hght of factors related to 
the subject that requires treatment. Dosage and administration are adjusted to 
provide sufficient levels of the active ingredient or to Tnamtam the desired effect. 

20 Factors which can be taken into account include the severity of the disease state, 
general health of the subject, age, weight, and gender of the subject, diet, time and 
frequency of administration, drug combination(s), reaction sensitivities, and 
tolerance/response to therapy. Long-acting pharmaceutical compositions can be 
administered every 3 to 4 days, every week, or once every two weeks dependiag on 

25 the hatf-life and clearance rate of the particidar formulation. 

Normal dosage amounts can vary from 0.1 to 100,000 micrograms, up to a total dose 
of about 1 g, depending upon the route of admioistratioiL Guidance as to particular 
dosages and methods of delivery is provided ia the literature and generally available 
30 to practitioners in the art. Those skilled in the art will employ different formulations 
for nucleotides than for proteins or their inhibitors. Similarly, deUvery of poly- 
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nucleotides or polypeptides will be specific to paiticiilar cells, conditions, locations, 
etc. 

If the reagent is a single-chain antibody, polynucleotides encoding the antibody can 
5 be constructed and introduced into a ceU either ex vivo or in vivo using well- 
established techniques including, but not limited to, transferrin-polycation-niediated 
DNA transfer, transfection with naked or encapsulated nucleic acids, Uposome- 
mediated cellular fusion, intracellular transportation of DNA-coated latex beads^ 
protoplast fusion, viral infection, electroporation, "gene gun,** and DEAE- or calcium 
1 0 phosphate-mediated transfection. 

Effective in vivo dosages of an antibody are in the range of about 5 |ig to about 
50 Hg/kg, about 50 jig to about 5 mg/kg, about 100 )ig to about 500 fig/kg of patient 
body wei^t, and about 200 to about 250 |ig/kg*"of patient body weight For 
15 administration of polynucleotides encoding single-chain antibodies, effective in vivo 
dosages are in the range of about 100 ng to about 200 ng, 500 ng to about 50 mg, 
about 1 tig to about 2 mg, about 5 fig to about 500 fxg, and about 20 ^g to about 
100 jigofDNA, 

20 If the e:q)ressi6n product is naRNA, the reagent is preferably an antisense oligo- 
nucleotide or a ribozyme. Polynucleotides which express antisense oligonucleotides 
or ribozymes can be introduced into cells by a variety of methods, as described 
above. 

25 Preferably, a reagent reduces esqpression of a histone deacetylase gene or the activity 
of a histone deacetylase polypeptide by at least about 10, preferably about 50, more 
preferably about 75, 90, or 100% relative to the absence of the reagent. The 
effectiveness of the mechanism chosen to decrease the level of e^qpression of a 
liistone deacetylase gene or the activity of a histone deacetylase polypeptide can be 

30 assessed using methods well known in the art, such as hybridization of nucleotide 
probes to histone deacetylase-specific mSNA, quantitative RT-PCR, immunologic 
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detection of a histone deacetylase polypq)tide, or measurement of histone deace- 
ty lase activity. 

In any of the embodiments described above, any of the phamiaceutical compositions 
5 of the invention can be administered in combination with other £q>propriate thera- 
peutic agents. Selection of the appropriate agents for use in combination ther^y can 
be made by one of ordinary skill in the art, according to conventional pharmaceutical 
principles. The combijoation of ther^eutic agents can act syn^gistically to effect the 
treatment or prevention of the various disorders described above. Using this 
10 approach, one may be able to achieve flierapeutic efBcacy with lower dosages of each 
agent, thus reducing the potential for adverse side effects. 

Any of the therapeutic methods described above can be applied to any subject in 
need of such therapy, including, for example, manitoals such as dogs, cats, cows, 
1 S horses, rabbits, monkeys, and most preferably, humans. 

Diasnostic Methods 

Himian histone deacetylase also can be used in diagnostic assays for detecting 
20 diseases and abnormalities or susceptibility to diseases and abnormalities related to 
the presence of mutations in the nucleic acid sequences which encode the enzyme. 
For example, differences can be determined between the cDNA or genomic sequence 
encoding histone deacetylase in individuals afBicted with a disease and in normal 
individuals. If a mutation is observed in some or all of the afOicted individuals but 
25 not in normal individuals, then the mutation is likely to be the causative agent of the 
disease. 

Sequence differences between a reference gene and a gene having mutations can be 
revealed by the direct DNA sequencing method. In addition, cloned DNA segments 
30 can be employed as probes to detect specific DNA segments. The sensitivity of this 
method is greatly enhanced when combined with PGR. For example, a sequencing 
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primer can be used with a double-stranded PGR product or a single-stranded template 
molecule generated by a modijBed PGR. The sequence determination is performed 
by conventional procedures using radiolabeled nucleotides or by automatic 
sequencing procedures using fluorescent tags. 

5 

Genetic testrag based on DNA sequence diGferences can be carried out by detection 
of alteration in electrophoretic mobility of DNA fragments in gels with or without 
denaturing agents. Small sequence deletions and insertions can be visualized, for 
example, by high resolution gel electrophoresis. DNA fragments of different 

10 sequences can be distinguished on denaturing formamide gradient gels in which the 
mobilities of different DNA fragments are retarded in the gel at different i>ositions 
according to their specific melting or partial melting temperatures {see, e,g, , Myers et 
al.y Science 230, 1242, 1985). Sequence changes at specific locations can also be 
revealed by nuclease protection assays, such as RNase and S 1 protection or the 

15 chemical cleavage method (e.g.. Cotton et aL, Proa Natl Acad. Set USA 85, 4397- 
4401, 1985). Thus, the detection of a specific DNA sequence can be performed by 
methods such as hybridization, RNase protection, chemical cleavage, direct DNA 
sequencing or the use of restriction enzymes and Southern blotting of genomic DNA. 
In addition to direct methods such as gel-electrophoresis and DNA sequencing, 

20 mutations can also be detected by in situ analysis. 

Altered levels of a histone deacetylase also can be detected in various tissues. 
Assays used to detect levels of the receptor polypeptides in a body sanq>le, such as 
blood or a tissue biopsy, derived &om a host are well known to those of skill in the 
25 art and include radioimmunoassays, competitive binding assays. Western blot 
analysis, and ELISA assays. 

All patents and patent applications cited in this disclosure are expressly incorporated 
herein by reference. The above disclosure generally describes the present invention. 
30 A more complete understanding can be obtained by reference to the following 
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specific examples which are provided for piirposes of lUiistration only and are not 
intended to limit the scope of the invention. 

EXAMPLE 1 

5 

Detection ofhistone deacetylase activity 

The polynucleotide of SEQ ID NO: 1 is ioserted into the expression vector pCBV4 
and the expression vector pCEV4-histone deacetylase polypeptide obtained is 

10 transfected into hmnan embryonic kidney 293 cells. From these cells extracts are 
obtained and histone deacetylase activity is measured in an assay in a total volume of 
40 fil : 400 mnol HEPES-sodium, pH 7.4, 100 pmol of the substrate [AcGly-Ala- 
Lys(-^^C-Ac)-Arg-His-Arg-Lys(^'^C-Ac)-VaINH2] (see Kervabon et al, FEES Letters 
106y 93-96, 1979) having a specific activity of approximately 114 mCi/romol, and 

15 the cell extract as deacetylase activity source. The amount of the cell extract is 
chosen such that about 20% of the substrate is consumed during the assay. The 
reaction is initiated by cell extract addition and allowed to proceed for 60 min at 41 
degrees. At 60 min, the reaction is terminated by the addition of a 50% slurry of 
Amberlite.RTM. AG 50 W x 4 cation exchange resin, sodium form (200-400 mesh) 

20 in 25 mM sodium acetate buffer, pH 4.2 (200 ^1). The resin binds both remaining 
substrate and the (partially) deacetylated peptidyl products. The quenched reaction is 
then incubated for at least 30 min at 25^ with occasional mixing, diluted with 
additional 25 mM sodium acetate bufTer, pH. 4.2 (760 (x; final volume 1000 fx), 
incubated for a minimum of an additional 30 min at 25 degrees with occasional 

25 nuxing, and then centrifiiged at 10,000 x g for 1 min. An aliquot of the stq;)ecnatant 
(800 (il) containing the enzymatically .released C-acetate is removed, mixed with 
Aquasol 2 liquid scintillation counter (LSC) cocktail (10 ml), and counted in a 
Beckman model LS-5801 LSC. To assure that the acetate released is due specifically 
to the action ofhistone deacetylase, a parallel control incubation is performed which 

30 contained a known histone deacetylase inhibitor [originally, 1-5 mM butyrate (see 
Cousens et al (1979) J. BioL Chem. 254: 1716-1723); later, 40-1000 nM apicidin in 
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DMSO once it had been demonstrated to be an histone deacetylase inhibitor]; the 
amount of radioactivity generated in the presence of inhibitor is subtracted from the 
vahie obtained in the absence of inhibitor ia order to calculate histone deacetylase 
dependent acetate production. It is shown that the polypeptide of SEQ ID NO: 2 has 
5 a histone deacetylase activity. 

EXAMPLE 2 

Expression of recombinant human histone deacetylase 

10 

The Pichia pastoris expression vector pPICZB (Invitrogen, San Diego, CA) is used 
to produce large q\iantities of recombinant himian histone deacetylase polypeptides 
in yeast. The histone deacetylase-encoding DNA sequence is derived from SEQ ID 
NO: 1. Before insertion into vector pPICZB, the DNA sequence is modified by well 

IS known methods in such a way that it contains at its 5'-end an initiation codon and at 
its 3 -end an enterokinase cleavage site, a His6 reporter tag and a termination codon. 
Moreover, at both termini recognition sequences for restriction endonucleases are 
added and after digestion of the multiple cloning site of pPICZ B with &e 
corresponding restriction enzymes the modified DNA sequence is ligated into 

20 pPICZB. This ©qpression vector is designed for inducible expression in Pichia 
pastoriSy driven by a yeast promoter. The resulting pPICZ/md-Ifis6 vector is used to 
transform the yeast 

The yeast is cultivated under usual conditions in 5 liter shake flasks and the 
25 recombinantly produced jirotein isolated from the cidture by afiSnity chromatography 
(Ni-NTA-Resin) in the presence of 8 M urea. The bound polypeptide is eluted with 
buffer, pH 3.5, and neutralized Separation of the polypeptide from the His6 reporter 
tag is accomplished by site-specific proteolysis using enterokinase (Thvitrogen, San 
Diego, CA) according to manufacturer's instructions. Purified human histone 
30 deacetylase polypeptide is obtained. 
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EXAMPLE3 

Identification of test compounds that bind to histone deacetylase polypeptides 

S Purified histone deacetylase polypeptides comprising a glutathione-S-transferase 
protein and absorbed onto glutatbione-derivatized wells of 96-well microtiter plates 
are contacted with test conoipounds fix>m a small molecule library at pH 7.0 in a 
physiological buffer solution. Human histone deacetylase polypeptides comprise the 
amino acid sequence shown in SEQ ID NO: 2. The test compounds comprise a 
10 fluorescent tag. The samples are incubated for 5 minutes tx> one hour. Control 
samples are incubated in the absence of a test compound. 

The buffer solution containing the test compounds is washed from the wells. 
Binding of a test compound to a histone deacetylase polypeptide is detected by 
15 fluorescence measurements of the contents of the wells. A test compound which 
increases the fluorescence in a well by at least 15% relative to fluorescence of a well 
in which a test compound is not incubated is identified as a compound which binds to 
a histone deacetylase polypeptide. 

20 EXAMPLE 4 * 

Identification of a test compound which decreases histone deacetylase gene 
expression 

25 A test compound is administered to a culture of human cells transfected with a 
histone deacetylase expression construct and incubated at 37^C for 10 to 45 minutes. 
A culture of the same type of cells which have not been transfected is mcubated for 
the same time without the test compound to provide a negative control. 

30 RNA is isolated from the two cxiltures as described in Chirgwin et aL, Biochem, 18, 
5294-99, 1979). Northern blots are prepared using 20 to 30 |ig total RNA and 
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hybridized with a ^^P-labeled histone deacetylase-specific probe at 65**C in Express- 
hyb (CLONTECH). The probe comprises at least 11 contiguoxis nucleotides selected 
from title complement of SEQ ID NO: 1. A test compound which decreases the 
histone deacetylase- specific signal relative to the signal obtained in the absence of 
S the test compound is identified as an inhibitor of histone deacetylase gene 
expression. 

EXAMPLES 

1 0 Identification of a test compovnd which decreases histone deacetylase activity 

A test compoimd is administered to a culture of human ceUs transfected with a 
histone deacetylase expression construct and incubated at 37°C for 10 to 45 minutes. 
A culture of the same type of ceUs which have not been transfected is incubated for 
15 the same time witiiout the test compound to provide a negative control. Histone 
deacetylase activity is measiured using the methods described in Example 5. 

A test compound which decreases the histone acetylase activity of the histone 
deacetylase relative to the histone acetylase activity in the absence of the test 
20 compound is identified as an inhibitor of histone deacetylase activity. 

EXAMPLE 6 

Histone Deacetylase Assays (all temperatures in ^C): 

25 

Assay 1 for BQstone Deacetylase Activity and Lihibition. The standard assay is 
contained in a total volume of 40 lil : 400 nmol HEPES-sodium, pH 7.4, 100 pmol of 
the substrate [AcGly-Ala-Lys(-^'^C-Ac)-Arg-His-Arg-Lys(^^C-Ac)-VaIb^ (see 
Kervabon et al, FEES Letters 106, 93-96, 1979) having a specific activity of 
30 approxitnately 114 mCi/mmol, and a source of histone deacetylase (BDDAase) 
activity. The amount of HDAase added is chosen such that about 20% of the 
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substrate is consumed during the assay. The reaction is initiated by ©azyme addition 
and allowed to proceed for 60 min at 41 degrees. At 60 min, the reaction is 
terminated by the addition of a 50% slurry of AmberliteJOM. AG 50 W x 4 cation 
exchange resin, sodium form (200-400 mesh) in 25 mM sodium acetate bufE^, pH 
5 4.2 (200 fil). The resin binds both remaining substrate and the (partially) 
deacetylated peptidyl products. The quenched reaction is then incubated for at least 
30 min at 25^ with occasional mixing, diluted with additional 25 mM sodium acetate 
buffer, pH 4.2 (760 |il; final volume 1000 |xl), incubated for a Tm'm'minn of an 
additional 30 min at 25 degrees with occasional mixing, and then centrifuged at 

10 10,000 X g for 1 miru An aliquot of the siq)ematant (800 ^l) containing the 
enzymatically released ^^C-acetate is removed, mixed with Aquasol 2 liquid 
scintillation counter (LSC) cocktail (10 ml), and coimted in a Beckman model LS- 
5801 LSC. To assure that the acetate released is due specifically to the action of 
HDAase, a parallel control incubation is performed which contained a known 

15 HDAase inhibitor [originally, 1-5 mM butyrate (see Cousens et al (1979) J. Biol. 
Chem. 254: 1716-1723); later, 40-1000 nM apicidin in DMSO once it had been 
demonstrated to be an HDAase inhibitor]; the amount of radioactivity generated in 
the presence of inhibitor is subtracted jGrom the value obtained in the absence of 
inhibitor in order to calculate HDAase dependent acetate production. 

20 

For inhibition studies, the inhibitor under examination is added to the standard assay 
cocktail at the desired concentration in dimethyl sulfoxide (final concentration of 
DMSO in the reaction is kept constant at 2/5% v/v) and the HDAase activity 
compared to that found in control (minus inhibitor) incubations which lacked 
25 inhibitor but contained 2.5% v/v final DMSO. 

Assay 2 for Histone Deacetylase Activity and Inhibition. The standard assay is 
contained in a total volume of 200 ^1: 2000 nmol HEPES-sodium, pH 7.4, 11 pmol 
AcGly-Ala-Lys(^-Ac)-Arg-His-Arg-Lys(^H-Ac)-ValNH2 having a specific activity 
30 of approximately 3 Ci/mmol, and a source of histone deacetylase (HDAase) activity. 
The amount of HDAase added is chosen such that approximately 20% of the 
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substrate is consumed during the assay. The reaction is initiated by enzyme addition 
and allowed to proceed for 60 rriin at 41 degrees. At 60 mm, the reaction is 
terminated by the addition of a aqueous solution containing 0.1 M acetic acid and 
O.S M hydiochloiic acid (20 \xl% followed by the addition of ethyl acetate (1000 
5 The quenched reaction is then vortexed for at least 15 sec at 25 degrees and then 
centrifiiged at 10,000 X g for 1 min. An aliquot of the ethyl acetate phase (900 (il) 
containing the enzymatically released ^ H-acetate is removed^ mixed with Aquasol 2 
liquid scintillation coimter (LSC) cocktail (6 ml), and coimted in a Beckman model 
LS-5801 LSC. To assure that the acetate released is due specifically to 1h& action of 

10 HDAase, a parallel control incubation is pCTformed which contained a known 
HDAase inhibitor [originally, 1-5 mM butyrate; later, 40-1000 nM apicidin in 
DMSO once it had been demonstrated to be an HDAase inhibitor]; the amount of 
radioactivity generated in the presence of inhibitor is subtracted from the value 
obtained in the absence of inhibitor in order to calculate HDAase dependent acetate 

15 productioiL 

For inhibition studies, the inhibitor under examination is added to the standard assay 
cocktail at the desired concentration in dimethyl sulfoxide (final concentration of 
DMSO in the reaction is kept constant at 0.5% v/v) and the HDAase activity 
20 compared to fiiat found in control (minus inhibitor) incubations which lacked 
inhibitor but contained 0.5% v/v final DMSO. 

EXAMPLE? 

25 FCR analysis using cDNAs from human tissi4es 

0.5 pi of each cDNA sample is used as template in PGR for semi quantitative 
expression analysis. PC31 is performed according to standard protocols. In addition a 
positive control PGR reaction is performed with about 20 ng of human genomic 
30 DNA as template and a negative control is performed with no template. 
The results are shown in Fig. 26. 
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Quantitative analysis of relative expression ofHistone Deacetvlase in kurrum tissues 
Quantitative e}q)ressioii profUing is perfonned by the fonn of quantitative PGR 
analysis called 'Idnetic analysis" firstly described in IfigucM et al., 1992 and Higuchi 
5 et al-, 1993. The principle is that at any given cycle within the exponential phase of 
PGR, the amount of product is proportional to the initial number of tCTttplate copies. 
If the amplification is performed in the presence of an internally quenched 
fluorescent oligonucleotide (TaqMan probe) complementary to the target sequence, 
the probe is cleaved by the 5 '-3* endonuclease activity of Taq DNA polymerase and 
10 a fluorescent dye released in &e medium (Holland et al.). Since the fluorescence 
emission will iucrease in direct proportion to the amonnt of the specific amplified 
product, the exponential growth phase of PGR product can be detected and used to 
determine the initial template concentration (Heid et al., 1996, and Gibson et al., 
1996). 

15 

The amplification of an endogenous control can be perfonned to standardise the 
amount of sample RNA added to a reaction. In this kind of ejqjerimmts the control of 
choice is the 18S ribosomal RNA. Since reporter dyes with differing emission 
spectra are available, the target and the endogenous control can be independently 
20 quantified in the same tube if probes labelled with diflerent dyes are used. 

All '"real time PGR" measurements of fluorescence are made in the ABI Prism 7700 
Sequence detector System (PE ^plied Biosystems, Foster City, CA). 



25 References 
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30 
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cDNA preparation 

Fifty Jigs of each RNA are treated with DNase I for 1 hour at 37^C in the following 
reaction nnx: 

DNase I, RNase-fi-ee (Roche Diagnostics, Gemiany) 0.2 U/jiL 
Rnase inhibitor (PE Applied Biosystems, CA) 0.4 U/^L 



Tris-HClpH7.9 
MgCl2 



lOmM 



lOmM 



NaCl 



50mM 



DTT 



ImM 



30 



After incubation, RNA is extracted once with 1 volume of phenol:chloroform:- 
isoamyl alcohol (24:24:1) and once with chloroform, and precipitated with 1/10 
volume of NaAcetate 3M pH5.2 and 2 volumes ethanoL 
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After spectrophotometiic quantification, each sample is reverse transcribed with the 
TaqMan Reverse Transcription Reagents (PE Applied Biosystems, CA) accordingly 
to purchaser protocol. RNA final concentration in the reaction mix is 200 ng/^L. 
S Reverse transcription is made with 2.SpM of random hexamers. 

TaqMan quantitative analysis 

Gene specific primers and probe are designed accordingly to PE Applied Biosystems 
10 recommendations. 

Total cDNA content is normalized with the simultaneous quantification (multiplex 
PGR) of tiie 18S ribosomal RNA by use of the Pre-Developed TaqMan Assay 
Reagents (PDAR) Control Kit (PE Applied Biosystems, CA). 

15 

Assay leaction mix is as follows: 
final 

TaqMan Universal PCR Master Nfix (2x) 

(PE Applied Biosystems, CA) 
20 PDAR control - 18S RNA (20x) 

Forward primer 

Reverse primer 

Probe 

cDNA 
25 Water 

PCR conditions are: 
1 time the following steps: 
pre PCR 2' at 50- C 
30 10' at 95°C 

40 times the following steps: 



Ix 
Ix 

300nM 

900nM 

200nM 

lOng 

to25uL 
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denaturation 15' * at 95^C 

aimealing/extensioii 1 ' at 60^C 

The e3qperiment is performed on an ABI Prism 7700 Sequence Detector Applied 
S Biosystems, CA). At the end of the run, fluorescence data acquired during PCR are 
processed as described in the ABI Prism 7700 user's manual in ord^ to achieve 
better backgroimd subtraction as well as signal linearity with the starting target 
quantity. 

10 The results are shown in Figs. 27 and 28. 
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CLAIMS 



1. An isolated polynucleotide encoding a histone deacetylase polypqptide and 
being selected from the group consisting of: 

5 

a) a polynucleotide encoding a histone deacetylase polypeptide com- 
prising an amino acid sequence selected fomi the group consisting of: 



amino acid sequences which are at least about 52% identical to 
10 the amino acid sequence shown in SEQ ID NO: 2; and 

the amino acid sequence shown in SEQ ID NO: 2; 



b) a polynucleotide comprising the sequence of SEQ ID NO: 1; 

15 c) a polynucleotide which hybridizes under stringent conditions to a 

polynucleotide specified in (a) and (b); 

d) a polynucleotide the sequence of which deviates from the poly- 
nucleotide sequences specified in (a) to (c) due to the degeneration of 
20 the genetic code; and 



e) a polynucleotide which represents a fragment, derivative or allelic 
variation of a polynucleotide sequence specified in (a to (d). 

25 2. An esqpression vector containing any ix>lynucleotide of claim 1 . 



3. A host cell containing the expression vector of claim 2. 



4. 

30 



A substantially pxirified histone deacetylase polypeptide encoded by a 
polynucleotide of claim 1. 
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5. A mefliod for producing a histone deacetylase polypeptide, wherein the 
method comprises the following steps: 

a) culturing the host cell of claim 3 under conditions suitable for the 
S expression of the histone deacetylase polypqptide; and 

b) recovering the histone deacetylase polypeptide from the host cell 
culture. 

10 6. A method for detection of a polynucleotide encoding a histone deacetylase 
polypeptide in a biological sanq}le comprising the following steps: 

a) hybridizing any polynucleotide of claim 1 to a nucl^c acid material of 
a biological sample, thereby forming ahybridization complex; and 



15 



20 



b) detecting said hybridization complex. 

?• The method of claim 6, wherein before hybridization, the nucleic add 
material of the biological sample is amplified. 

8. A method for the detection of a polynucleotide of claim 1 or a histone 
deacetylase polypeptide of claim 4 comprising the steps of: 



contacting a biological sample with a reagent which specifically iateracts with 
25 &e polynucleotide or the histone deacetylase polypeptide. 

9. A diagnostic kit for conducting the method of any one of claims 6 to 8. 



30 



10. 



A method of screening for agents which decrease the activity of a histone 
deacetylase, comprising the steps of: 



wo 02/30970 PCT/EPOl/11759 

-67- 

contacting a test compound wititi any histone deacetylase polypeptide encoded 
by any polynucleotide of claiml; 

detecting binding of the test compound to the histone deacetylase poly- 
S peptide, wherein a test compound which binds to the polypeptide is identified 

as a potential ther^eutic agent for decreasing the activity of a histone 
deacetylase. 

11. A method of screening for agents which regulate the activity of a histone 
10 deacetylase, comprising the steps of: 

contacting a test compound with a histone deacetylase polypq)tide encoded 
by any polynucleotide of claim 1; and 

15 detecting a histone deacetylase activity of the polypeptide, wherein a test 

compoxmd which increases the histone deacetylase activity is identified as a 
potential therapeutic agent for increasing the activity of the histone 
deacetylase, and wherein a test compound which decreases the histone 
deacetylase activity of the polypeptide is identified as a x>otential therapeutic 

20 agent for decreasing the activity of the histone deacetylase. 

12. A method of screening for agents which decrease the activity of a histone 
deacetylase, comprising the steps of: 

25 contacting a test compound with any polynucleotide of claim 1 and detecting 

binding of the test compound to the polynucleotide, wherein a test compound 
which binds to the polynucleotide is identified as a potential therq>eutic.agent 
for decreasing the activity of histone deacetylase. 



30 



13. 



A method of reducing the activity of histone deacetylase, comprising the steps 
of: . 



wo 02/30970 



PCTAEPOl/11759 



-68- 



contacting a cell with a reagent which specifically binds to any poly- 
nucleotide of claim 1 or any histone deacetylase polypeptide of claim 4, 
whereby the activity of histone deacetylase is reduced. 

5 14. A reagent Qiat modulates the activity of a histone deacetylase polypeptide or a 
polynucleotide wherein said reagent is identified by ttie method of any of the 
claim 10 to 12. 

15. A pharmaceutical composition, comprising: 

10 the e:q>ression vector of claim 2 or the reagent of claim 14 and a phaima- 

ceutically accqptable earner. 

16. Use of the expression vector of claim 2 or flie reagent of claim 14 for the 
preparation of a medicament for rdodulating the activity of a histone 

15 deacetylase in a disease. 

17. Use of claim 16 wherein the disease is cancer. 

18. A cDNA encoding a polypeptide comprising the amino acid sequence shown 
20 inSEQIDNO:2. 

19. The cDNA of claim 18 which comprises SEQ ID NO: 1. 

20. The cDNA of claim 18 which consists of SEQ ID NO: 1. 



25 



21. An expression vector comprising a polynucleotide which encodes a 
polypeptide comprising the amino acid sequence shown in SEQ ID NO: 2. 



22. 

30 



The expression vector of claim 21 wherein the polynucleotide consists of 
SEQ ID NO: 1. 
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23- A host ceil comprising an expression vector which encodes a polypeptide 
comprising the amino acid sequence shown in S£Q ID NO: 2. 

24. The host cell of claim 23 wherein the polynucleotide consists of SEQ ID NO: 
5 1. 

25. A purified polypeptide comprising the amino acid sequence shown in SEQ ID 
NO: 2. 

10 26. The purified polypeptide of claim 25 which consists of the amino acid 
sequence shown in SEQ ID NO: 2. 

27. A fusion protein comprising a polypeptide having the amino acid sequence 
shown in SEQ ID NO: 2. 

15 

28. A method of producing a polypeptide comprising the amino acid sequence 
shown in SEQ ID NO: 2, comprising the steps of: 

culturing a host cell comprising an expression vector which encodes the 
20 polypeptide under conditions whereby the polypeptide is expressed; and 

isolating ttie polypeptide. 

29. The method of claim 28 wherein the expression vector comprises SEQ ID 
25 NO: 1. 



30. 



A method of detecting a coding sequence for a polyp^tide comprising the 
amino acid sequence shown in SEQ ID NO: 2, comprising the stqps of: 
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hybridizing a polynucleotide comprising 1 1 contiguous nucleotides of SEQ 
ID NO: 1 to nucleic acid material of a biological sample, thereby forming a 
hybridization con:q>lex; and 

S detecting the hybridization complex. 



3 1 . The method of claim 30 fiirther comprising the step of anqplifying the nucleic 
acid material before the step of hybridizmg. 

10 32. A kit for detecting a coding sequmce for a polypeptide comprising the amino 
acid sequence shown in SEQ ID NO: 2, comprising: 

a polynucleotide coniprising 1 1 contiguous nucleotides of SEQ ID NO: 1; and 
IS instructions for the method of claim 30. 



33. A method of detecting a polypeptide comprising the amino acid sequence 
shown in SEQ ID NO: 2, comprising the steps of: 

20 contacting a biological sample with a reagent that specifically binds to the 

polypeptide to form a reagent-polypeptide complex; and 

detecting the reagent-polypeptide complex. 

25 34. The method of claim 33 wherein the reagent is an antibody. 



35. A kit for detecting a polypeptide comprising the amino acid sequence shown 
in SEQ ID NO: 2, comprising: 



30 



an antibody which specifically binds to the polypeptide; and 



10 
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instructioos for tfie m^od of claim 33 . 

36. A method of sdeening for agents which can modulate the activity of a human 
histone deacetylase, conqxrising the st^s of: 

contacting a test compomid with a polypeptide comprising an amino acid 
sequence selected jSrom the grovqp consistmg of: (1) amino add sequences 
which are at least about 52% identical to the amino acid sequence shown in 
SEQ ID NO: 2 and (2) the amino acid sequence shown in SEQ ID NO: 2; and 

detecting binding of the test compoimd to the polypeptide, wherein a test 
compound which binds to the polypeptide is identified as a potential agent for 
regulating activity of the human histone deacetylase. 



15 37. The method of claim 36 wherein the step of contacting is in a cell. 

38. The method of claim 36 wherein the cell is in vitro. 

39. The method of claim 36 wherein the step of contacting is in a cell-firee 
20 system. 

40. The method of claim 36 wherein the polypeptide comprises a detectable label. 

41. The method of claim 36 wherem Ihe test confound con^rises a detectable 
25 label. 

42. The method of claim 36 wherein the test compound displaces a labeled ligand 
which is boimd to the polypeptide. 



30 



43. 



The me&od of claim 36 wherein the polypeptide is bound to a solid support. 
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44. The method of claim 36 wherein the test compound is bound to a solid 
support. 

45. A method of screening for agents which modulate an activity of a hmnan 
5 histone deacetylase, comprising the steps of: 

contacting a test compound with a polypeptide comprising an amino acid 
sequence selected from the groiq) consisting o£ (1) amino acid sequences 
which are at least about 52% identical to the amino acid sequence shown in 
10 SEQ ID NO: 2 and (2) the amino acid sequence shown in SEQ ID NO: 2; and 

detecting an activity of the polypeptide, wherein a test compound which 
increases the activity of the polypeptide is identified as a potential agent for 
increasiag the activity of the human histone-deacetylase, and wherein a test 
15 compound which decreases the activity of the polypeptide is identified as a 

potential agent for decreasing the activity of the human histone deacetylase. 

46. The method of claim 45 wherein the step of contactiug is in a cell. . 

20 47. The method of claim 45 wherein the cell is in vitro. 

48. The method of claim 45 wherein the step of contacting is in a cell-free 
system. 

25 49. A method of screwing for agents which modulate an activity of a human 
histone deacetylase, comprising the steps of: 

contacting a test compoimd with a product encoded by a polynucleotide 
which comprises the nucleotide sequence shown in SEQ ID NO: 1; and 

30 
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detecting binding of the test compound to the product, wherein a test 
compound which binds to the product is idaitified as a potential agent for 
regulating the activity of the human histone deacetylase. 

S SO. The method of claim 49 wherein the product is a polypeptide. 



51. The method of claim 49 wherein tiie product is KNA. 



52. A method of reducing activity of a human histone deacetylase, comprising the 
10 step of: 

contacting a cell with a reagent which specifically binds to a product encoded 
by a polynucleotide comprising the nucleotide sequence shown in SEQ ID 
NO: 1, whereby the activity of a human histone deacetylase is reduced. 

15 

53. The metiiod of claim 52 wherein the product is a polypeptide. 

54. The method of claim 53 wherein the reagent is an antibody. 
20 55. The method of claim 52 wherein the product is RNA. 

56. The method of claim 55 wheiein the reagent is an antisense oligonucleotide. 

57. The method of claim 56 wherein the reagent is a libozyme. 

25 

58. The method of claim 52 wherein the cell is in vitro. 



59. The metiiod of claim 52 wherein the cell is in vivo. 



30 60. 



A pharmaceutical composition, comprising: 
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a reagent which specifically binds to a polypeptide comprising the amino acid 
sequence shown in SEQ ID NO: 2; and 

a phaimaceutically acceptable carrier. 

5 

61. Hie pharmaceutical composition of claim 60 wherein the reagent is an 
antibody. 

62. A pharmaceutical composition, con:qnising: 

10 

a reagent which specifically binds to a product of a polynucleotide com- 
prising the nucleotide sequence shown in SEQ ID NO: 1; and 
a pharmaceutically acceptable carrier. 

15 63. The pharmaceutical composition of claim 62 wherein the reagent is a 
ribozyme. 



64. The pharmaceutical composition of claim 62 wherein the reagent is an 
antisense oligonucleotide. 

20 

65. The pharmaceutical composition of claim 62 wherein the reagent is an 
antibody. 

66. A pharmaceutical coirposition, comprising: 

25 

an expression vector encoding a polypeptide comprising the amino acid 
sequence shown in SEQ ID NO: 2; and 

a pharmaceutically acceptable carrier. 



30 
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67. The pharmaceutical composition of claim 66 wherein the expression vector 
comprises SEQ ID NO: 1. 

68. A method of treating a histone deacetylase dysfunction related disease, 
5 wherein the disease is cancer comprising the step of: 

administering to a patient in need thereof a th^peutically efiective dose of a 
reagent tiiat modulates a fimction of a human histone deacetylase, whereby 
symptoms of the histone deacetylase dysfunction related disease are 
10 ameliorated. 

69. The metiiod of claim 68 wherein the reagent is identified by the method of 
claim 36. 

15 70. The method of claim 68 wherein the reagent is identified by the method of 
claim 45, 



71. 



The method of claim 68 wherein the reagent is identified by the method of 
claim 49. 
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Fig.1 

atggggaccgcgcttgtgtaccatgaggacatgacggccacccggctgctctg 

ggacgaccccgagtgcgagatcgagcgtcctgagcgcctgaccgcagccctgg 

atcgcctgcggcagcgcggcctggaacagaggtgtctgcggttgtcagcccgc 

gaggcctcggaagaggagctgggcctggtgcacagcccagagtatgtatccct 

ggtcagggagacccaggtcctaggcaaggaggagctgcaggcgctgtccggac 

agttcgacgccatctacttccacccgagtacctttcactgcgcgcggctggcc 

gcaggggctggactgcagctggtggacgctgtgctcactggagctgtgcaaaa 

tgggcttgccctggtgaggcctcccgggcaccatggccagagggcggctgcca 

acgggttctgtgtgttcaacaacgtggccatagcagctgcacatgccaagcag 

aaacacgggctacacaggatcctcgtcgtggactgggatgtgcaccatggcca 

ggggatccagtatctctttgaggatgaccccagcgtcctttacttctcctggc 

accgctatgagcatgggcgcttctggcctttcctgcgagagtcagatgcagac 

gcagtggggcggggacagggcctcggcttcactgtcaacctgccctggaacca 

ggttgggatgggaaacgctgactacgtggctgccttcctgcacctgctgctcc 

cactggcctttgagtttgaccctgagctggtgctggtctcggcaggatttgac 

tcagccatcggggaccctgaggggcaaatgcaggccacgccagagtgcttcgc 

ccacctcacacagctgctgcaggtgctggccggcggccgggtctgtgccgtgc 

tggagggcggctaccacctggagtcactggcggagtcagtgtgcatgacagta 

cagacgctgctgggtgacccggccccacccctgtcagggccaatggcgccatg 

tcagaggtgcgaggggagtgccctagagtccatccagagtgcccgtgctgccc 

aggccccgcactggaagagcctccagcagcaagatgtgaccgctgtgccgatg 

agccccagcagccactccccagaggggaggcctccacctctgctgcctggggg 

tccagtgtgtaaggcagctgcatctgcaccgagctccctcctggaccagccgt 

gcctctgccccgcaccctctgtccgcaccgctgttgccctgacaacgccggat 

atcacattggttctgccccctgacgtcatccaacaggaagcgtcagccctgag 

ggaggagacagaagcctgggccaggccacacgagtccctggcccgggaggagg 

ccctcactgcacttgggaagctcctgtacctcttagatgggatgctggatggg 

caggtgaacagtggtatagcagccactccagcctctgctgcagcagccaccct 

ggatgtggctgttcggagaggcctgtcccacggagcccagaggctgctgtgcg 

tggccctgggacagctggaccggcctccagacctcgcccatgacgggaggagt 

ctgtggctgaacatcaggggcaaggaggcggctgccctatccatgttccatgt 

ctccacgccactgccagtgatgaccggtggtttcctgagctgcatcttgggct 

tggtgctgcccctggcctatggcttccagcctgacctggtgctggtggcgctg 

gggcctggccatggcctgcagggcccccacgctgcactcctggctgcaatgct 

tcgggggctggcagggggccgagtcctggccctcctggaggagaactccacac 

cccagctagcagggatcctggcccgggtgctgaatggagaggcacctcctagc 

ctaggcccttcctctgtggcctccccagaggacgtccaggccctgatgtacct 

gagagggcagctggagcctcagtggaagatgttgcagtgccatcctcacctgg 

tggcttga 
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Fig.2 

MGTALVYHEDMTATRLLWDDPECEIERPERLTAALDRL.RQRGLEQRCLRLSAR 
EASEEELGLVHSPEYVSLVRETQVLGKEELQALSGQFDAIYFHPSTFHCARLA 
AGAGLQLVDAVLTGAVQNGLALVRPPGHHGQRAAANGFCVFNNVAIAAAHAKQ 
KHGLHRILWDWDVHHGQGIQYLFEDDPSVLYFSWHRYEHGRFWPFLRESDAD 
AVGRGQGLGFTVNLPWNQVGMGNADYVAAFLHLLLPIiAFEFDPELVLVSAGFD 
SAIGDPEGQMQATPECFAHLTQLLQVIiAGGRVCAVLEGGYHLESLAESVCMTV 
QTLLGDPAPPLSGPMAPCQRCEGSALESIQSARAAQAPHWKSLQQQDVTAVPM 
SPSSHSPEGRPPPLLPGGPVCKAAASAPSSLLDQPCLCPAPSVRTAVALTTPD 
ITLVLPPDVIQQEASALREETEAWARPHESLAREEALTALGKLLYLLDGMLDG 
QVNSGIAATPASAAAATLDVAVRRGLSHGAQRLLCVALGQLDRPPDLAHDGRS 
LWLNIRGKEAAALSMFHVSTPLPVMTGGFLSCILGLVLPLAYGFQPDLVLVAL 
GPGHGLQGPHAALLAAMLRGLAGGRVLALLEENSTPQLAGILARVLNGEAPPS 
LGPSSVASPEDVQAIiMYLRGQLEPQWKMLQCHPHLVA 



Fig. 3 

MLASNSDGASTSVKPSDDAWTWPWSILLTNNKPMSGSENTLNl^ 

LKKSGLCYDPRMRFHATLSEVDDHPEDPRRVLRVFEAIKKAGYVSNVPSPSDV 

FLRI PAREATLEELLQVHSQEMYDRVTNTEKMSHEDLANLEKI SDSLYYNNES 

AFCSUILACGSAIETCTAVVTGQVKNAFAVVRPPGHHAEPHKPGGFCLFNNVSV 

TARSMLQRFPDKIKRVLIVDWDIHHGNGTQMAFYDDPNVLYVSLHRYENGRFY 

PGTNYGCAENCGEGPGLGRTVNIPWSCAGMGDGDYIYAFQRWMPVAYEFDPD 

LVIVSCGFDAAAGDHIGQFLLTPAAYAHMTQMLMGLADGKVFISLEGGYNLDS 

I STSALAVAQSLLGI PPGRLHTTYACPQAVATINHVTKIQSQYWRCMRPKHFD 

ANPKDAHVDRLHDVIRTYQAKKLFEDWKITNMPILRDSVSNVFNNQVLCSSNF 

FQKDNLLVIVHESPRVLGNGTSETNVLNLNDSLLVDPVSLYVEWAMQQDWGLI 

DINIPEWTDGENAPVDILSEVKELCLYVWDNYVELSISKNIFFIGGGKAVHG 

LVNLASSRNVSDRVKCMVNFLGTEPLVGLKTASEEDLPTWYYRHSLVFVSSSN 

ECWKKAKRAKRRYGRLMQSEHTETSDMMEQHYRAVTQYLLHLLQKARPTSQ 
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Fig. 4 

MTSTGQDSTTTRQRRSRQNPQSPPQDSSVTSKRNIKKGAVPRSIPNLAEVKKK 

GKMKKLGQAMEEDLIVGLQGlVnDLNIjEAEALAGTGLVIiDEQLl^FHCLV^ 

EGPERLHAIKEQLIQEGLLDRCVSFQARFAEKEELMLVHSLEYIDLMETTQYM 

NEGELRVIiADTYDSVYLHPNS YSCACLASGSVLRLVDAVLGAE I RNGMAI IRP 

PGHHAQHSLMDGYCMFNHVAVAARYAQQKHRIRRVLIVDWDVHHGQGTQFTFD 

QDPSVLYFSIHRYEQGRFWPHLKASNWSTTGFGQGQGYTINVPWNQVGMRDAD 

YIAAFLHVLLPVALEFQPQLVLVAAGFDALQGDPKGEMAATPAGFAQLTHLLM 

GLAGGKLILSLEGGYNLRALAEGVSASLHTLLGDPCPMLESPGAPCRSAQASV 

SCALEALEPFWEVLVRSTETVERDNMEEDNVEESEEEGPWEPPVLPILTWPVL 

QSRTGLVYDQKnyiNttraClSnJWDSHHPEVPQRILRIMCRLEELGIiAGRCLTLTPRP 

ATEAELLTCHSAEYVGHLRATEKMKTRELHRESSNFDSIYICPSTFACAQIiAT 

GAACRLVEAVLSGEVLNGAAWRPPGHHAEQDAACGFCFFNSVAVAARHAQTI 

SGHALRILIVDWDVHHGNGTQHMFEDDPSVLYVSLHRYDHGTFFPMGDEGASS 

QIGRAAGTGFTVNVAWNGPRMGDADYLAAWHRLVLPIAYEFNPELVLVSAGFD 

A/^GDPLGGCQVSPEGYAHLTHLLMGLASGRI IL ILEGGYNLTS I SESMAACT 

RSLLGDPPPLLTLPRPPLSGALASITETIQVHRRYWRSLRVMKVEDREGPSSS 

KLVTKKAPQPAKPRIAERMTTREKKVLEAGMGKVT S AS FGEE STPGQTNSETA 

WALTQDQPSEAATGGATLAQTISEAAIGGAMLGQTTSEEAVGGATPDQTTSE 

ETVGGAILDQTTSEDAVGGATLGQTTSEEAVGGATLAQTISEAAMEGATLDQT 

TSEEAPGGTELIQTPLASSTDHQTPPTSPVQGTTPQISPSTLIGSLRTLELGS 

ESQGASESQAPGEENLLGEAAGGQDMADSMLMQGSRGIjTDQAIFYAVTPLPWC 

PHLVAVCPIPAAGLDVTQPCGDCGTIQENWVCLSCYQVYCGRYINGHMLQHHG 

NSGHPLVLSYIDLSAWCYYCQAYVHHQALLDVKNIAHQNKFGEDMPHPH 



Fig.5 

TGCGGTGTAAATTCTCCCACCTTGGCCGATTTCAAGCCACCAGGTQAGGATGG 
CACTGCAACATCTTCCACTGAGGCTCCAGCTGCCCTCTCAGGTACATCAGGGC 
CTGGACGTCCTCTGGGGAGGCCACAGAGGAAGGGCCTAGGCTAGGAGGTGCCT 
CTCCATTCAGCACCCGGGCCAAGATCCCTGCTAGCTGGGGTGTGGAGTTCTCC 
TCCAGGAGGGCCAGGACTCGGCCCCCTGCCAGCCCCCGAAGCATTGCAGCCAG 
GAGTGCAGCGTGGGGGCCCTGCAGGCCATGGCCAGGCCCCAGCGCCACCAGCA 
CCAGGTCAGGCTGGAAGCCATAGGCCAGGGGCAGCACCAAGCCCAAGATGCAG 
CTCAGGAAACCACCGGTCATCACTGGCAGTGGCGTGGAGACATGGAACATGGA 

tagggcagccgcctccttgcccctgatgttcagccacagactcctcccgtcat 
gggcgaggtctggaggccggtccagctgtcccagggccacgcacagcagcctc 
tgggctccgtgggac 
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Fig. 6 

TGCGGTGTAAATGCTCCCACCTTGGCCGATTTCAAGCCACCAGGTGAGGATGG 
CACTGCAACATCTTCCACTGAGGCTCCAGCTGCCCTCTCAGGTACATCAGGGC 
CTGGACGTCCTCTGGGGAGGCCACAGAGGAAGGGCCTAGGCTAGGAGGTGCCT 
CrCCATTCAGCACCCGGGCCAGGATCCCTGCTAGCTGGGGTGTGGAGTTCTCC 
TCCAGGAGGGCCAGGACTCGGCCCCCTGCCAGCCCCCGAAGCATTGCAGCCAG 
GAGTGCAGCGTGGGGGCCCTGCAGGCCATGGCCAGGCCCCAGCGCCACCAGCA 
CCAGGTCSVGGCTGGAAGCCATAGGCCa^GGGGCAGCACCAAGCCCAAGATGCAG 
CTCANGAAACCACCGGTCATCACTGGCAGTGGCGTGGAGACATGGAACATGGA 
TAGGGCAGCCGCCTCCTTGCCCCTGATGTTCAGCCACAGACTCCTCCCGTCAT 
GGGCGAGGTCTGGA 



Fig. 7 

TGCGGTGTAAATGCTCCCACCTTGGCCGATTTCAAGCCACCAGGTGAGGATGG 
CACTGCAACATCTTCCACTGAGGCTCCAGCTGCCCTCTCAGGTACATCAGGGC 
CTGGACGTCCTCTGGGGAGGCCACAGAGGAAGGGCCTAGGCTAGGAGGTGCCT 
CTCCATTCAGCACCCGGGCCAGGATCCCTGCTAGCTGGGGTGTGGAGTTCTCC 
TCCAGGAGGGCCAGGACTCGGCCCCCCTGCCAGCCCCCGAAGCATTGCAGCCA 
GGAGTGCAGCGTGGGGGCCCTGCAGGCCATGGCCAGGCCCCAGCGCCACCAGC 
ACCAGGTCAGGCTGGAAGCCATAGGCCAGGGGCAGCACCAAGCCCAAGATGCA 
GCTCAGGAAACCACCGGTCATCACTGGCAGTGGCGTGGAGACATGGAACATGG 
ATAGGGCAGCCGCCTCCTTGCCCCTGATGTTCAGCCACAGACTCCTCCCGTCA 
TGGGCG 



Fig. 8 

CGTGCGGTGTCATTTCTGCGGTGTAAATGCTCCCACCTTGGCCGATTTCAAGC 

CACCAGGTGAGGATGGCACTGCAACATCTTCCACTGAGGCTCCAGCTGCCCTC 

TCAGGTACATCAGGGCCTGGAC6TCCTCTGGGGAGGCCACAGAGGAAGGGCCT 

AGGCTAGGAGGTGCCTCTCCATTCAGCACCCGGGCCAGGATCCCTGCTAGCTG 

GGGTGTGGAGTTCTCCTCCAGGAGGGCCAGGACTCGGCCCCCTGCCAGCCCCC 

GAAGCATTGCAGCCAGGAGTGCAGCGTGGGGGCCCTGCAGGCCATGGCCAGGC 

CCCAGCGCCACCAGCACCAGGTCAGGCTGGAAGCCATAGGCCAGGGGCAGCAC 

CAAGCCCAAGATGCAGCTCAGGAAACCACCGGTCATCACTTGCAGTGGCGTGG 

AGACATGGAACATGGATAGGGCAGCCGCCTCCTTGCCCCTGATGTTCAGCCAC 
AGACTC 
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Fig. 9 

AAGCTTGCGGCCGCGGGGCGCTGGCGTGCGGTGTCATTTCTGCGGTGTAAATG 
CTCCCACCTTGGCCGATTTCAAGCCACCAGGTGAGGATGGCACTGCAACATCT 
TCCACTGAGGCTCCAGCTGCCCTCTCAGGTACATCAGGGCCTGGACGTCCTCT 
GGGGAGGCCACAGAGGAAGGGCCTAGGCTAGGAGGTGCCTCTCCATTCAGCAC 
CCGGGCCAGGATCCCTGCTAGCTGGGGTGTGGAGTTCTGGACCAGGGGCGAAG 
ACGGAAGCAGTCACTGGTCCTTCCCCTCGTCCCACCCCGCAGCACCTNCACCC 
TGCCCAGCTTACCTCCTCCAGGAGGGCCAGGACTCGGCCCCCTGCCAGCCCCC 
GAAGCATTGCAGCCAGGAGTGCAGCGTGGGGGCCCTGCAGGCCATGGCCAGGC 
CCCAGCGCCACCAGCACCAGGTCAGGCTGGAAGCCATAGGCCAGGGGCAGCAC 
CAAGCCCAAGATGCAGCTCAGGAAACCACCGGTCATCACTGGCAGTGGCGTGG 
AGACATGGAACATGGATAGGGCAGCCGCCTCCTTTCCCCTGATGTTCAGCCAC 
AGACTCCCGTCATGGGCGAGGTCTGGA 



Fig. 10 

TGCGGTGTAAATGCTCCCACCTTGGCCGATTTCAAGCCACCAGGTGAGGATGG 
CACTGCAACATCTTCCACTGAGGCTCCAGCTGCCCTCTCAGGTACATCAGGGC 
CTGGACGTCCTCTGGGGAGGCCACAGAGGAAGGGCCTAGGCTAGGAGGTGCCT 
CTCCATTCAGCACCCGGGCCAGGATCCCTGCTAGCTGGGGTGTGGAGTTCTGG 
ACCAGGGGCGAAGACGGAAGCAGTCACTGGTCCTTCCCCTCGTCCCACCCCGC 
AGCACCTCCACCCTGCCCAGCTTACCTCCTCCAGGAGGGCCAGGACTCGGCCC 
CCTGCCAGCCCCCGAAGCATTGCAGCCAGGAGTGCAGCGTGGGGGCCCTGCAG 
GCCATGGCCAGGCCCCAGCGCCACCAGCACCAGGTCAGGCTGGAAGCCATAGG 
CCAGGGGCAGCACCAAGCCCAAGATGCAGCTCANGAT^CCACCGGTCATCACT 
GGCAGTGGCGTGGAGACATGGAACATGGATAGGGCAGCCGCCTCCTTGCCCCT 
GATGTTGAGCCACAGACTCCTCCCGTCATG 



Fig. 11 

TGCGGTGTAAATGCTCCCACCTTGGCCGATTTCAAGCCACCAGGTGAGGATGG 
CACTGCAACATCTTCCACTGAGGCTCCAGCTGCCCTCTCAGGTACATCAGGGC 
CTGGACGTCCTCTGGGGAGGCCACAQAGGAAGGGCCTAGGCTAGGAGGTGCCT 
CTCCATTCAGCACCCGGGCCAGGATCCCTGCTAGCTGGGGTGTGGAGTTCTCC 
TCCAGGAGGGCCAGGACTCGGCCCCCTGCCAGCCCCCGAAGCATTGCAGCCAG 
GAGTGCAGCGTGGGGGCCCTGCAGGCCATGGCCAGGCCCCAGCGCCACCAGCA 
CCAGGTCAGGCTGGAAGCCATAGGCCAGGGGCAGCACCAAGCCCAAGATGCAG 
CTCAGGAAACCACCGGTCATCACTGGCAGTGGCGTGGAGACATGGAACATGGA 
TAGGGCAGCCGCCTCCTTGCC 
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Fig. 12 

TGCGGTGTAAATGCTCCCACCTTGGCCGATTTCAAGCCACCAGGTGAGGATGG 
CACTGCAACATCTTCCACTGAGGCTCCAGCTGCCCTCTCAGGTACATCAGGGC 
CTGGACGTCCTCTGGGGAGGCCACAGAGGAAGGGCCTAGGCTAGGAGGTGCCT 
CTCCATTCAGCACCCGGGCCAGGATCCCTGCTAGCTGGGGTGTGGAGTTCTCC 
TCCAGGAGGGCCAGGACTCGGCCCCCTGCCAGCCCCCGT^GCATTGCAGCCAG 
GAGTGCAGCGTGGGGGCCCTGCT^GCCATGGCCAGGCCCCAGCGCCACCAGCA 
CCy^GGTCAGGCTGGAAGCCATAGGCCAGGGGCAGCACCAAGCCCy^GATGCAG 
CTCAGGAAACCACCGGTCATCACTGGCAGTGGCGTGGAGACATGGAACATGGA 
TAGGGCAG 



Fig. 13 

TGCGGTGTAAATGCTCCCACCTTGGCCGATTTCAAGCCACCAGGTGAGGATGG 
CACTGCAACATCTTCCACTGAGGCTCCAGCTGCCCTCTCAGGTACATCAGGGC 
CTGGACGTCCTCTGGGGAGGCCACAGAGGAAGGGCCTAGGCTAGGAGGTGCCT 
CTCCATTCAGCACCCGGGCCAGGATCCCTGCTAGCTGGGGTGTGGAGTTCTCC 
TCCAGGAGGGCCAGGACTCGGCCCCCTGCCAGCCCCCGAAGCATTGCAGCCAG 
GAGTGCAGCGTGGGGGCCCTGCAGGCCATGGCCAGGCCCCAGCGCCACCAGCA 
CCAGGTCAGGCTGGAAGCCATAGGCCAGGGGCAGCACCAAGCCCAAGATGCAG 
CTCAGGAAACCACCGGTCATCACTTGCAAGTGGCXSTGGAGACATGGAACATGG 
ATAGGGCAGCCGCCTCCTTGCCCCTGATGTTCAGCCACAGACTCCTCCCGTCA 
TGGGCG 



Fig. 14 

TGCGGTGTAAATGCTCCCACCTTGGCCGATTTCAAGCCACCAGGTGAGGATGG 
CACTGCAACATCTTCCACTGAGGCTCCAGCTGCCCTCTCAGGTACATCAGGGC 
CTGGACGTCCTCTGGGGAGGCCACAGAGGAAGGGCCTAGGCTAGGAGGTGCCT 
CTCCATTCAGCACCCGGGCCAGGATCCCTGCTAGCTGGGGTGGTGAGTTCTCC 
TCCAGGAGGGCCAGGACTCGGCCCCCTGCCAGCCCCCGAAGCATTGCAGCCAG 
GAGTGCAGCGTGGGGGCCCTGCAGGCCATGGCCAGGCCCCAGCGCCACCAGCA 
CCAGGTCAGGCTGGAAGCCATAGGCCAGGGGCAGCACCAAGCCCAAGATGCAG 
CT 



wo 02/30970 



PCT/EPOl/11759 



- 7/18 - 



Fig. 15 

AGCGGCCGCGGGGCGCTGGCGTGCGGTGTCATTTCTGCGGTGTAAATGCTCCC 
ACCTTGGCCGATTTCAAGCCACCAGGTGAGGATGGCACTGCT^CATCTTCCAC 
TGAGGCTCCAGCTGCCCTCTCAGGTACATCAGGGCCTGGACGTCCTCTGGGGA 
GGCCACAGAGGAAGGGCCTAN6CTAGGAGGT.GCCTCTCCATTCAGCACCCX3C^ 
CCAGGATCCCTGCTAGCTGGGGTGTGGAGTTCTCCTCCAGGAGGGCCAGGACT 
CGGCCCCCTGCCAGCCCCCGAAGCATTGCAGCCAGGAGTGCAGCGTGGGGGCC 
CTGCAGGCCaVTGGCCAGGCCCCAGCGCCACCAGCACCAGGTCATGCTGGAAGC 
CATAGGCCAGGGGCCACACCAAGCCCAAG 



Fig. 16 

TGCGGTGTAAATGCTCCCACCTTGGCCGATTTCAAGCCACCAGGTGAGGATGG 
CACTGCAACATCTTCCACTGAGGCTCCAGCTGCCCTCTCAGGTACATCAGGGC 
CTGGACGTCCTCTGGGGAGGCCACAGAGGAAGGGCCTAGGCTAGGAGGTGCCT 
CTCCATTCAGCACCCGGGCCAGGATCCCTGCTAGCTGGGGTGTGGAGTTCTCC 
TCCAGGAGGGCCAGGACTCGGCCCCCTGCCAGCCCCCGAAGCATTGCAGCCAG 
GAGTGCAGCGTGGGGGCCCTGCAGGCCATGGCCAGGCCCCAGCGCCACCAGCA 
CCAGGTCAGGCTGGAAGCAT 



Fig. 17 

TGCGGTGTAAATGCTCCCACCTTGGGCGATTTCAAGCCACCAGGTGAGGATGG 
CACTGCAACATCTTCCACTGAGGCTCCAGCTGCCCTCTCAGGTACATCAGGGC 
CTGGACGTCCTCTGGGGAGGCCACAGAGGAAGGGCCTAGGCTAGGAGGTGCCT 
CTCCATTCAGCACCCGGGCCAGGATCCCTGCTAGCTGGGGTGTGGAGTTCTCC 
TCCAGGAGGGCCAGGACTCGGCCCCCTGCCAGCCCCCGAAGCATTGCAGCCAG 
GAGTGCAGCGTGGGGGCCCTGCAGGCCATGGCCAGGCCCCAGCGCCACCAGCA 
CCAGGTCAGGCTGGAA 



Fig. 18 

TGCGGTGTAAATGCTCCCa^CCTTGGCCGATTTCAAGCCACCAGGTGAGGATGG 
CACTGCAACATCTTCCACTGAGGCTCCAGCTGCCCTCTCAGGTACATCAGGGC 
CTGGACGTCCTCTGGGGAGGCCACAGAGGAAGGGCCTAGGCTAGGAGGTGCCT 
CTCCATTCAGCACCCGGGCCAGGATCCCTGCTAGCTGGGGTGTGGAGTTCTCC 
TCCAGGAGGGCCAGGACTCGGCCCCCTGCCAGCCCCCGAAGCATTGCAGCCAG 
GAGTGCAGCGTGGGGGCCCTGCAGGCCATGGCCAGGCCCCAGCGCCACCAGCA 
CCAGGTCAGGC 
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Fig. 19 

TGCGGTGTAAATGCTCCCACCTTGGCCGATTTCAAGCCACCAGGTGAGGATGG 
CACTGCAACATCTTCCACTGAGGCTCCAGCTGCCCTCTCAGGTACATCAGGGC 
CTGGACGTCCTCTGGGGAGGCCACAGAGGAAGGGCCTAGGCTAGGAGGTGCCT 
CrCCATTCAGCACCCGGGCCAGGATCCCTGCTAGCTGGGGTGTGGAGTCCTCC 
TCCAGGAGGGCCAGGACTCGGCCCCCTGCCAGCCCCCGAAGCATTGCAGCCAG 
GAGTGCAGCGTGGGGGCCCTGCAGGCAGTGGCCAGGCCCCAGCGCCACCAGCA 
CCAGGTCAGGCTGGAAGC 



Fig. 20 

AGGTGCCTCTCCATTCAGCACCCGGGCCAGGATCCCTGCTAGCTGGGGTGTGG 
AGTTCTCCTCCAGGAGGGCCAGGACTCGGCCCCCTGCCAGCCCCCGAAGCATT 
GCAGCCAGGAGTGCAGCGTGGGGGCCCTGCAGGCCATGGCCAGGCCCCAGCGC 
CACCAGCACCAGGTCAGGCTGGAAGCCATAGGCCAGGGGCAGCACCAAGCCCA 
AGATGCAGCTCAGGAAACGACCGGTCATCACTGGCAGTGGCGTGGAGACATGG 
AACATGGATAGGGCAGCCG 



Fig. 21 

AGGTGCCTCTCCATTCAGCACCCGGGCCAGGATCCCTGCTAGCTGGGGTGTGG 
AGTTCTCCTCCAGGAGGGCCAGGACTCGGCCCCCTGCCAGCCCCCGAAGCATT 
GCAGCCAGGAGTGCAGCGTGGGGGCCCTGCAGGCCATGGCCAGGCCCCAGCGC 
CACCAGCa.CCAGGTCAGGCTGGAAGCCATAGGCCAGGGGCAGCACCAAGCCCA 
AGATGCAGCTCAGGAAACCACCGGTCATCACTTGCAGTGGCGTGGAGACATGG 
AACATGGATAGGGCAGC 
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<210> 1 

<211> 2022 

<212> DKA 

<213> Homo sapiens 



<400> 1 

atggggaccg cgcbtigbgta 


ccatxraggac 


atgacggcca cccggctgcb cbgggacgac 


60 


cccgagtgcg agat:cgagcg 


'kcctxragcgc 


ctgaccgcag cccbgga-bcg cc1:gcggcag 


120 


cgcggcctgg aacagaggtg 


tctgcggttg 


-tcagcccgcg aggcctcgga agaggagcbg 


180 


ggcctggbgc acagcccaga 


giiatgtatcc 


ctggtcaggg agacccaggt ccliaggcaag 


240 


gaggagc-bgc aggcgcbgbc 


cggacagtto 


gacgcca1:ct^ acbtecaccc gag Laccttt 


300 


cactgcgcgc ggcbggccgc 


aggggctgga 


otgcagc^g ^gacgctgb gctoactgga 


360 


gct;gbgcaaa at:gggct.t:gc 


cct:ggt:gagg 


ccbcccgggc acca-bggcca gagggcggcb 


420 


gccaacgggb tctgtgtgtt 


caacaacg'bg 


gcca'tagcag c-bgcaca-tgo caagcagaaa 


480 


cacgggctao acaggatecli 


cgbcgtggac 


bgggabg'tgc acca-bggcca ggggaliccag 


540 


tai?c1:cbi:tg aggatgaccc 


oagcgtcctt 


bacbtobccb ggoaccgcta tigagca-bggg 


600 
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cgobt^ctggc 


ctttcctgcg 


agagbcaga't 


gcagacgcag 


tggggcgggg acagggccbc 


660 


ggcttcactg 


ticaaccbgcc 


ctggstaccag 


gttgggatgg 


gaaacgcbga ctacgtggct 


720 


gcct^cctgc 


acctgctgct 


cccactggcc 


tttgagtttg 


accctgagc-t gg-bgcbgglic 


780 


^cggcaggat 


"biigac-bcagc 


ca-toggggac 


cctgaggggc 


aaa^caggc cacgccagag 


840 


tgc^-bcgccc 


accbcacaca 


gc-bgotigcag 


gbgcbggccg 


gcsggccgggt: cbg^ccgtg 


900 


ct^ggagggcg 


gctaccacci: 


ggagteactg 


gcggagtcag 


tgtgcat:gac agbacagacg 


960 


otgctgggt^g 


acccggcccc 


acccc'bg'bca 


gggccaa-bgg 


cgccatgtca gaggtgcgag 


1020 


gggag"bgccc 


tagagtcca'b 


ccagag-tgcc 


cgtgctgccc 


aggccccgca ctggaagago 


1080 


ctccagcagc 


aagaligtigac 


cgctg-tgccg 


atgagcccca 


gcsagccactc cccagagggg 


1140 


aggccticcac 


ctctgctgcc 


tgggggtcca 


gtgtgtaagg 


cagctgcatc tigcaccgagc 


1200 


tccctcctgg 


accagccgbg 


cctctgcccc 


gcaccctctg 


tccgcaccgc tgttgccctg 


1260 


acaacgccgg 


a't:at:caca'b'b 


gg-t-tcbgccc 


cctgacgtca 


-tccaacagga agcg-tcagcc 


1320 


ctgagggagg 


agacagaagc 


otgggccagg 


ccacacgagb 


ccotiggcccg ggaggaggcc 


1380 


cbcactgcac 


^^gggaagct: 


cc1:g^cct;c 


tt:agatggga 


t;gc^gat:gg gcaggtgaao 


1440 


ag^ggta-bag 


cagccactec 


agccbotgct 


gcagcagcca 


ccctggatgt; ggcbg^tegg 


1500 


agaggcc1:gt 


cccacggagc 


ccagaggcbg 


cbgl^gcsgkgg 


cccl^ggaca gcliggaccgg 


1560 


cctecagacc 


tegccca'bga 




ctgtggctga 


acatcagggg caaggaggcg 


1620 


gc'bgccct;at 


ccafcgbbcca 


tg'tcticcaog 


ccactgccag 


tgatgaccsgg tggtz-tbcctxr 


1680 


agcbgca-bct: 


tgggcttggt 


gctgcccctg 


gcctatggct 


ticcagcc^a ccbggbgc^ 


1740 


gtggcgctgg 


ggcctggcca 


tggcctgcag 


ggcccccacg 


ctgcactcct ggct:gcaat:g 


1800 


cttcgggggc 


tggcaggggg 


ccgagtcctg 


gcccbccbgg 


aggagaac-bc cacaccccag 


1860 


ctagcaggga 


bcctggcccg 


ggtgctigaai^ 


ggagaggcac 


cbccbagccb aggccct-bcc 


1920 


tol:gt:ggcct 


ooocagagga 


cg'tccaggcc 


cbgatgtacc 


tgagagggca gctggagcct 


1980 


oagtggaaga 


tgttgcagtg 


cca'bcotcac 


oi:gg1:ggot'b 


ga 


2022 



<210> 2 

<211> 673 

<212> PRT 

<213> Homo sapiens 
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<400> 2 

Het: Gly Thr Ala Leu Val Tyxr His Glu Hsp Met; Thr Ala Thr Arg Zieu 
15 10 15 



Leu Trp Asp Asp Pro Glu Cys Glu lie Glu Arg Pro Glu Arg Leu Thr 
20 25 30 



Ala Ala Leu Asp Arg Leu Arg Gin Arg Gly Leu Glu Gin Arg Cys Leu 
35 40 45 



Arg Leu Ser Ala Arg Glu Ala Ser Glu Glu Glu Leu Gly Leu Val His 
50 55 60 



Ser Pro Glu Tyr Val Ser Leu Val Arg Glu Thr Gin Val Leu Gly Lys 
65 70 75 80 



Glu Glu lieu Gin Ala Leu Ser Gly Gin Phe Asp Ala lie Tyr Phe His 
85 90 95 



Pro Ser Thr Phe His Cya Ala Arg Leu Ala Ala Gly Ala Gly Leu Gin 
100 105 110 



Leu Val Asp Ala Val Leu Thr Gly Ala Val Gin Asn Gly Leu Ala Leu 
115 120 125 



Val Arg Pro Pro Gly His His Gly Gin Arg Ala Ala Ala Asn Gly Phe 
130 135 140 



Cys Val Phe Asn Asn Val Ala lie Ala Ala Ala His Ala Lys Gin Lys 
145 150 155 160 



His Gly Leu His Arg lie Leu Val Val Asp Trp Asp Val His His Gly 
165 170 175 



Gin Gly Xle Gin Tyr Leu Phe Glu Asp Asp Pro Ser Val Leu Tyz: Phe 
180 185 190 



Ser Trp His Arg Tyr Glu His Gly Arg Phe Trp Pro Phe Leu Arg Glu 
195 200 205 



Ser Asp Ala Asp Ala Val Gly Arg Gly Gin Gly Leu Gly Phe Thr Val 
210 215 220 



Asn Leu Pro Tarp Asn Gin Val Gly Met Gly Asn Ala Asp Tyr Val Ala 
225 230 235 240 
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Ala Phe jLeu His Leu Leu Leu Pro Leu Ala Phe Glu Phe Asp Pro Glu 
245 250 255 



Leu Val Leu Val Ser Ala Gly Phe Asp Ser Ala lie Gly Asp Pro Glu 
260 265 270 



Gly Gin Hel: Gin Ala Thr Pro Glu Cys Phe Ala H±s Leu Thr Gin Leu 
275 280 285 



Leu Gin Val Leu Ala Gly Gly Arg Val Cys Ala Val Leu Glu Gly Gly 
290 295 300 



Tyr Hxs Leu Glu Ser Leu Ala Glu Ser Val Cys Meb Thr Val Gin Thr 
305 310 315 320 



Leu Leu Gly Asp Pro Ala Pro Pro Leu Ser Gly Pro Mat, Ala Pro Cys 
325 330 335 



Gin Arg Cys Glu Gly Ser Ala Leu Glu Ser lie Gin Ser Ala Arg Ala 
340 345 350 



Ala Gin Ala Pro Hi.s Trp Lys Ser Leu Gin Gin Gin Asp Val Thr Ala 
355 360 365 



Val Pro Mat: Ser Pro Ser Ser His Ser Pro Glu Gly Arg Pro Pro Pro 
370 375 380 



Leu Leu Pro Gly Gly Pro Val Cys Lys Ala Ala Ala Ser Ala Pro Ser 
385 390 395 400 



Ser Leu Leu Asp Gin Pro Cys Leu Cys Pro Ala Pro Ser Val Arg Thr 
405 410 415 



Ala Val Ala Leu Thr Thr Pro Asp lie Thr Leu Val Leu Pro Pro Asp 
420 425 430 



Val Xle Gin Gin Glu Ala Ser Ala Leu Arg Glu Glu Thr Glu Ala Trp 
435 440 445 



Ala Arg Pro Hxs Glu Ser Leu Ala Arg Glu Glu Ala Leu Thr Ala Leu 
450 455 460 



Gly Lys Leu Leu Tyr Leu Leu Asp Gly Met: Leu Asp Gly Gin Val Asn 
465 470 475 480 
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Ser- Gly lie Ala Ala Thr Pro Ala Ser Ala Ala Ala Ala Thr lieu Asp 
485 490 495 



Val Ala Val Arg Acg Gly Leu Ser His Gly Ala Gin Arg lieu Leu Cys 
500 505 510 



Val Ala Leu Gly Gin Leu Asp T^rg Pro Pro Asp Leu Ala Hxs Asp Gly 
515 520 525 



Arg Ser Leu Trp Leu Asn lie Arg Gly Lys Glu Ala Ala Ala Leu Ser 
530 535 540 



Met Phe His Val Ser Thr Pro Leu Pro Val Met Thr Gly Gly Phe Leu 
545 550 555 560 



Ser Cys lie Leu Gly Leu Val Leu Pro Leu Ala Tyr Gly Phe Gin Pro 
565 570 575 



Asp Leu Val Leu Val Ala Leu Gly Pro Gly His Gly Leu Gin Gly Pro 
580 585 590 



His Ala Ala Leu Leu Ala Ala Met Leu Arg Gly Leu Ala Gly Gly Arg 
595 600 605 



Val Leu Ala Leu Leu Glu Glu Asn Ser Thr Pro G3j:i Leu Ala Gly lie 
610 615 620 



Leu Ala Arg Val Leu Asn Gly Glu Ala Pro Pro Ser Leu Gly Pro Ser 
625 630 635 640 



Ser Val Ala Ser Pro Glu Asp Val Gin Ala Leu Met Tyr Leu Arg Gly 
645 650 655 



Gin Leu Glu Pro Gin Trp Lys Miet Leu Gin Cys His Pro His Leu Val 
660 665 670 



Ala 

<210> 3 

<211> 687 

<212> PRT 

<213> Schizosacchaaromyces pombe 



wo 02/30970 



PCT/EPOl/11759 



6- 



<400> 3 

Me^ lieu Ala Ser Tisn Ser Asp Gly Ala Sex Thr Ser Val Lys Pro Ser 
15 10 15 



Asp Asp Ala Val Asn Thr Val Thr Pro Trp Ser lie Leu lieu Thr Asn 
20 25 30 



Asn Iiys Pro Mat Ser Gly Ser Glu Asn Thr Leu Asn Asn Glu Ser His 
35 40 45 



Glu Me-b Ser Gin lie Leu Lys Lys Ser Gly Leu Cys Tyr Asp Pro Arg 
50 55 60 



Met: Azrg Phe His Ala Thr Leu Ser Glu Val Asp Asp His Pro Glu Asp 
65 70 75 80 



Pro Arg Arg Val Leu Arg Val Phe Glu Ala lie Lys Lys Ala Gly Tyr 
85 90 95 



Val Ser Asn Val Pro Ser Pro Ser Asp Val Phe Leu Arg lie Pro Ala 
100 105 110 



Arg Glu Ala Thr Leu Glu Glu Leu Leu Gin Val His Ser Gin Glu Met 
115 120 125 



Tyz^ Asp Arg Val Thr Asn Thr Glu Lys Met Ser His Glu Asp Leu Ala 
130 135 140 



Asn Leu Glu Lys lie Ser Asp Ser Leu Tyr Tyr Asn Asn Glu Ser Ala 
145 150 155 160 



Phe Cys Ala Arg Leu Ala Cys Gly Ser Ala lie Glu Thr Cys Thr Ala 
165 170 175 



Val Val Thr Gly Gin Val Lys Asn Ala Phe Ala Val Val Arg Pro Pro 
180 185 190 



Gly His His Ala Glu Pro His Lys Pro Gly Gly Phe Cys Leu Phe Asn 
195 200 205 



Asn Val Ser Val Thr Ala Arg Ser Met Leu Gin Arg Phe Pro Asp Lys 
210 215 220 
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Ile Lys Arg Val Leu lie Val Asp Trp Asp He His His Gly Asn Gly 
225 230 235 240 



Thr Gin Met Ala Phe Tyr Asp Asp Pro Asn Val Leu Tyr Val Ser Leu 
245 250 255 



His Arg Tyr 61u Asn Gly Arg Phe Tyr Pro Gly Thr Asn Tyr Gly Cys 
260 265 270 



Ala Glu Asn Cys Gly Glu Gly Pro Gly Leu Gly Arg Thr Vail Asn lie 
275 280 285 



Pro Trp Ser Cys Ala Gly Met: Gly Asp Gly Asp Tyr lie Tyr Ala Phe 
290 295 300 



Gin Arg Val Val Met Pro Val Ala Tyr Glu Phe Asp Pro Asp Leu Val 
305 310 315 320 



He Val Ser Cys Gly Phe Asp Ala Ala Ala Gly Asp His He Gly Gin 
325 330 335 



Phe Leu Leu Thr Pro Ala Ala Tyr Ala His Met Thr Gin Mat Leu Met 
340 345 350 



Gly Leu Ala Asp Gly Lys Val Phe Xle Ser Leu Glu Gly Gly Tyr Asn 
355 360 365 



Leu Asp Ser He Ser Thr Ser Ala Leu Ala Val Ala Gin Ser Leu Leu 
370 375 380 



Gly He Pro Pro Gly Arg Leu His Thr Thr Tyr Ala Cys Pro Gin Ala 
385 390 395 400 



Val Ala Thr He Asn His Val Thr Lys He Gin Ser Gin Tyr Trp Arg 
405 410 415 



Cys M^t Arg Pro Lys His Phe Asp Ala Asn Pro Lys Asp Ala His Val 
420 425 430 



Asp Arg Leu His Asp Val He Arg Thr Tyr Gin Ala Lys Lys Leu Phe 
435 440 445 



Glu Asp T3:p Lys He Thr Asn Met Pro Xle Leu Arg Asp Ser Val Ser 
450 455 460 



wo 02/30970 



PCT/EPOl/11759 



-8- 



Asn Val Phe Asn Asn Gin Val Iteu Cys Ser Sex Asn Phe Phe Gin liys 
465 470 475 480 



Asp Asn Leu I<eu Val Xle Val His Glu Ser Pro Arg Val lieu Gly Asn 
485 490 495 



Gly Tbx Ser Glu Thr Asn Val Leu Asn Leu Asn Asp Ser Leu Leu Val 
500 505 510 



Asp Pro Val Ser Leu Tyr Val Glu Trp Ala Met Gin Gin Asp Trp Gly 
515 520 525 



Leu lie Asp Xle Asn Xle Pro Glu Val Val Thr Asp Gly Glu Asn Ala 
530 535 540 



Pro Val Asp Xle Leu Ser Glu Val Lys Glu Leu Cys Leu Tyr Val Trp 
545 550 555 560 



Asp Asn Tyr Val Glu Leu Ser Xle Ser Lys Asn Xle Phe Phe Xle Gly 
565 570 575 



Gly Gly Lys Ala Val His Gly Leu Val Asn Leu Ala Ser Ser Arg Asn 
580 585 590 



Val Ser Asp Arg Val Lys Cys Met Val Asn Phe Jj&m Gly Thr Glu Pro 
595 600 605 



Leu Val Gly Leu Lys Thr Ala Ser Glu Glu Asp Leu Pro Thr Trp Tyr 
610 615 620 



Tyr Arg Hxs Ser Leu Val Phe Val Ser Ser Ser Asn Glu Cys Trp Lys 
625 630 635 640 



Lys Ala Lys Arg Ala Lys Axg Arg Tyr Gly Arg Leu Met Gin Ser Glu 
645 650 655 



His Thr Glu Thr Ser Asp Met Met Glu Gin His Tyr Arg Ala Val Thr 
660 665 670 



Gin Tyr Leu Leu His lieu Leu Gin Lys Ala Arg Pro Thr Ser Gin 
675 680 685 
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<210> 4 

<211> 1215 

<212> PRT 

<213> Homo sapiens 

<400> 4 

Meb Thzr Ser Hhic Gly Gin Asp Ser Thr Hrr Thr Arg Gin Aarg A3rg Ser 
15 10 15 



Arg Gin Asn Pro Gin Ser Pro Pro Gin Asp Ser Ser Val Thr Ser Iiys 
20 25 30 



Arg Asn lie Lys Lys Gly Ala Val Pro Arg Ser lie Pro Asn Leu Ala 
35 40 45 



Glu Val I>ys Iiys Iiys Gly Lys Met Lys Lys Leu Gly Gin Ala M^-t Glu 
50 55 60 



Glu Asp Leu lie Val Gly Leu Gin Gly Me-b Asp Leu Asn Leu Glu Ala 
65 70 75 80 



Glu Ala Zaeu Ala Gly Thr Gly Leu Val Leu Asp Glu Gin lieu Asn Glu 
85 90 95 



Plie His Cys Leu Trp Asp Asp Ser Phe Pro Glu Gly Pro Glu Arg Leu 
100 105 110 



His Ala Xle Lys Glu Gin Leu Xle Gin Glu Gly Leu Leu Asp Arg Cys 
115 120 125 



Val Ser Phe Gin Ala Arg Phe Ala Glu Lys Glu Glu Leu Met Leu Val 
130 135 140 



His Ser Leu Glu Tyr lie Asp Leu Met: Glu Thr Thr Gin Tyr Met Asn 
145 150 155 160 



Glu Gly Glu Leu Arg Val Leu Ala Asp Thr Tyr Asp Ser Val Tyr lieu 
165 170 175 



His Pro Asn Ser Tyr Ser Cys Ala Cys Leu Ala Ser Gly Ser Val Leu 
180 185 190 
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Arg I«eu VaJ. Asp Ala Val Leu Gly Ala Glu lie Arg Asn Gly Met: Ala 
195 200 205 



lie He Arg Pro Pro Gly His His Ala Gin His Ser Leu Met Asp Gly 
210 215 220 



Tyr Cys Met Phe Asn His Val Ala Val Ala Ala Arg Tyr Ala Gin Gin 
225 230 235 240 



Lys His Arg lie Arg Arg Vs^ lieu He Val Asp Trp Asp Val His His 
245 250 255 



Gly Gin Gly Thr Gin PKe Thr Phe Asp Gin Asp Pro Ser Val lieu Tyr 
260 265 270 



Phe Ser He His Arg Tyr Glu Gin Gly Arg Phe Trp Pro His Leu Lys 
275 280 285 



Ala Ser Asn Trp Ser Thr Thr Gly Phe Gly Gin Gly Gin Gly Tyr Thr 
290 295 300 



He Asn Val Pro Trp Asn Gin Val Gly Met Arg Asp Ala Asp Tyr He 
305 310 315 320 



Ala Ala Phe Leu His Val Leu Leu Pro Val Ala Leu Glu Phe Gin Pro 
325 330 335 



Gin Leu Val Leu Val Ala Ala Gly Phe Asp Ala Leu Gin Gly Asp Pro 
340 345 350 



Lys Gly Glu Met Ala Ala Thr Pro Ala Gly Phe Ala Gin Leu Thr His 
355 360 365 



Leu Leu Met Gly Leu Ala Gly Gly Lys Leu He Leu Ser Leu Glu Gly 
370 375 380 



Gly Tyr Asn Leu Arg Ala Leu Ala Glu Gly Val Ser Ala Ser Leu His 
385 390 395 400 



Thr Leu Leu Gly Asp Pro Cys Pro Met Leu Glu Ser Pro Gly Ala Pro 
405 410 415 



Cys Arg Ser Ala Gin Ala Ser Val Ser Cys Ala Leu Glu Ala Leu Glu 
420 425 430 
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Fro Phe Trp Glu Val lieu Val Arg Ser Thr Glu Thr Val Glu Arg Asp 
435 440 445 



Asn Met Glu Glu Asp Asn Val Glu Glu Ser Glu Glu Glu Gly Pro Trp 
450 455 460 



Glu Pro Pro Val lieu Pjto lie lieu Thr Trp Pro Val Leu Gin Ser Arg 
465 470 475 480 



Thr Gly Leu Val Tyx Asp Gin Asn Met Met Asn His Cys Asn Leu Trp 
485 490 495 



Asp Ser Hxs His Pro Glu Val Pro Gin Arg lie Leu Arg lie Met Cys 
500 505 510 



Arg Leu Glu Glu Leu Gly Leu Ala Gly Arg Cys Leu Thr Leu Thr Pro 
515 520 525 



Arg Pro Ala Thr Glu Ala Glu Leu Leu Thr Cys His Ser Ala Glu Tyr 
530 535 540 



Val Gly His Leu Arg Ala Thr Glu Lys Met Lys Thr Arg Glu Leu His 
545 550 555 560 



Arg Glu Ser Ser Asn Phe Asp Ser lie Tyr lie Cys Pro Ser Thr Phe 
565 570 575 



Ala Cys Ala Gin Leu Ala Thr Gly Ala Ala Cys Arg Leu Val Glu Ala 
580 585 590 



Val Leu Ser Gly Glu Val Leu Asn Gly Ala Ala Val Val Arg Pro Pro 
595 600 605 



Gly His His Ala Glu Gin Asp Ala Ala Cys Gly Phe Cys Phe Phe Asn 
610 615 620 



Ser Val Ala Val Ala Ala Arg His Ala Gin Thr lie Ser Gly His Ala 
625 630 635 640 



Leu Arg lie Leu lie Va^. Asp Trp Asp Val Hxs His Gly Asn Gly Thr 
645 650 655 



Gin His Met Phe Glu Asp Asp Pro Ser Val Leu Tyr Val Ser Leu His 
660 665 670 
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Arg Tyr Asp His Gly Thr Phe Phe Pro Met Gly Asp Glu Gly Ala Ser 
675 680 685 



Ser Gin lie Gly Arg Ala Ala Gly Thr Gly Phe Thr Val Asn Val Ala 
690 695 700 



Trp Asn Gly Pro Arg Met Gly Asp Ala Asp Tyr Leu Ala Ala Trp His 
705 710 715 720 



Arg lieu Val Leu Pro lie Ala Tyr Glu Phe Asn Pro Glu Leu Val Leu 
725 730 735 



Val Ser Ala Gly Phe Asp Ala Ala Arg Gly Asp Pro Leu Gly Gly Cys 
740 745 750 



Gin Val Ser Pro Glu Gly Tyr Ala His Leu Thr His Leu Leu Mat Gly 
755 760 765 



Xieu Ala Ser Gly Arg Xle lie Leu lie Leu Glu Gly Gly Tyr Asn Leu 
770 775 780 



Thr Ser lie Ser Glu Ser Met Ala Ala Cys Thr Arg Ser Leu Leu Gly 
785 790 795 800 



Asp Pro Pro Pro Leu Leu Thr Leu Pro Arg Pro Pro Leu Ser Gly Ala 
805 810 815 



Leu Ala Ser lie Thr Glu Thr lie Gin Val His Arg Arg Tyr Trp Arg 
820 825 830 



Ser lieu Arg Val Met Lys Val Glu Asp Arg Glu Gly Pro Ser Ser Ser 
835 840 845 



Lys Leu VsH Thr Lys Lys Ala Pro Gin Pro Ala Lys Pro Arg Leu Ala 
850 855 860 



Glu Arg Met Thr Thr Arg Glu Lys Lys Val Leu Glu Ala Gly Met Gly 
865 870 875 880 



Lys Val Thr Ser Ala Ser Phe Gly Glu Glu Ser Thr Pro Gly Gin Thr 
885 890 895 



Asn Ser Glu Thr Ala Val Val Ala Leu Thr Gin Asp Gin Pro Ser Glu 
900 905 910 
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Ala Ala Tlir Gly Gly Ala Thr I.eu Ala Gin Thr lie Ser Glu Ala Ala 
915 920 925 



lie Gly Gly Ala Meb lieu Gly Gin !£hr Thr Ser Glu Glu Ala Val Gly 
930 935 940 



Gly Ala Thx Pro Asp Gin Thr Thr Ser Glu Glu Thr Val Gly Gly Ala 
945 950 955 960 



lie Leu Asp Gin Thr Thr Ser Glu Asp Ala Val Gly Gly Ala Thr I<eu 
965 970 975 



Gly Gin Thr !Chr Ser Glu Glu Ala Val Gly Gly Ala Thr lieu Ala Gin 
980 985 990 



Thr lie Ser Glu Ala Ala Mel: Glu Gly Ala Thr I«eu Asp Gin Thr Thr 
995 1000 1005 



Ser Glu Glu Ala Pro Gly Gly Thr Glu Leu lie Gin Thr Pro Leu 
1010 1015 1020 



Ala Ser Ser Thr Asp His Gin Thr Pro Pro Thr Ser Pro Val Gin 
1025 1030 1035 



Gly Thr Thr Pro Gin lie Ser Pro Ser Thr Leu lie Gly Ser Leu 
1040 1045 1050 



Arg Thr Leu Glu Leu Gly Ser Glu Ser Gin Gly Ala Ser Glu Ser 
1055 1060 1065 



Gin Ala Pro Gly Glu Glu Asn Leu Leu Gly Glu 2U.a Ala Gly Gly 
1070 1075 1080 



Gin Asp Meh Ala Asp Ser Meli Leu Mei: Gin Gly Ser Arg Gly Leu 
1085 1090 1095 



Thr Asp Gin Ala lie Phe Tyr Ala Val Thr Pro Leu Pro Trp Cys 
1100 1105 1110 



Pro His Leu Val Ala Val Cys Pro lie Pro Ala Ala Gly Leu Asp 
1115 1120 1125 



Val Thr Gin Pro Cys Gly Asp Cys Gly Thr lie Gin Glu Asn Trp 
1130 1135 1140 
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Val Cys Leu Ser Cys Tyx Gin Val Tyr Cys Gly Arg Tyx lie Asn 
1145 1150 1155 

Gly His Meb I<eu Gin His Hi.s Gly Asn Sex Gly His Pro Leu Val 
1160 1165 1170 

Leu Ser Tyr lie Asp Leu Ser Ala Trp Cys Tyr Tyr Cys Gin Ala 
1175 1180 1185 

Tyr Val His His Gin Ala Leu Leu Asp Val Lys Asn lie Ala Hi.s 
1190 1195 1200 

Gin Asn Lys Phe Gly Glu Asp Me-b Pro His Pro His 
1205 1210 1215 

<210> 5 

<211> 545 

<212> DNA 

<213> Homo sapiens 



<400> 5 

-bgcgg1:gt:aa a-b-tctcccac ct-bggccgab tbcaagccac caggbgagga bggcacbgca 60 

acabcbbcca ctgaggctco agcbgcccbc bcaggtacat: cagggcctgg acgbccbctg 120 

gggaggccao agaggaaggg cct:aggctag gaggtgcobc bccattcagc acccgggcca 180 

agabcccbgc bagctggggb gbggag-tbcb ccbccaggag ggccaggacb cggcccccbg 240 

ccagccoccg aagcabtgca gccaggaglxr cagcgbgggg gccctgcagg ccatggccag 300 

gccccagcgc caccagcacc aggbcaggcb ggaagccaba ggccaggggc agcaccaago 360 

ccaagabgca gcbcaggaaa ccaccggbca bcacbggcag bggcgbggag acabggaaca 420 

bgga-bagggc agccgccbcc ttgcccctga tg'b'bcagcca cagacbccbc ccgtcatggg 480 

cgaggtcbgg aggccggtcc agcbg-tccca gggccacgca cagcagccbc bgggcbccgt 540 

gggac 545 

<210> 6 

<211> 491 

<212> DNA 

<213> Homo salens 
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<220> 

<221> mis cofeature 

<222> (376) . . (376) 

<223> n=a, a, g or t 

<400> 6 

tgcggtgtaa a'tgctcccac cbtggccgat^ 't'bcaagccac caggtgagga iiggcacbgca 60 

acatcttcca ct:gaggGt:cc agctgccctc -bcagg-tacat: cagggccbgg acgbccbcbg 120 

99gaggccac agaggaaggg cctaggctag gaggtgccto -bccattcagc acccgggcca 180 

gga'tccc^c tagctggggt. gtggagbtob cctccaggag ggccaggacb cggccccctg 240 

ccagcccccg eiagcattgca gccaggagt:g cagcglxfggg gccctgcagg ccatggccag 300 

gccccagcgc caccagcsacc aggteaggcb ggaagccata ggccaggggc agcaccaagc 360 

ccaaga'bgca gcbcangaaa ccaccggbca 'bcactggcag -tiggcgtiggag aca'tggaaca 420 

'tgga'tagggc agccgcct:cc 't'tgcccc'tga ^1it:cagcca cagacbcctc ccgbca'bggg 480 

cgaggtct^gg a 491 

<210> 7 

<211> 483 

<212> DNA 

<213> Homo sapiens 

<400> 7 

1:gcgg1:gt:aa atgctcccac ctitggccgat: -b1:caagccac caggtgagga tggcsacligca 60 

aca-bcttcca ctigaggctco agcbgccc-bc t:cagg1:acat: cagggccbgg acgtcctctg 120 

ggg^OTccac agaggaaggg cctaggctag gaggtgcctc tccattcagc acccgggcca 180 

ggatccctgc tagctggggt gtggagttct cctccaggag ggccaggacb cggcccccct 240 

gccagccccc gaagcattgc agccaggagb gcagcgbggg ggccctigcag gcca-kggcca 300 

ggccccagcg ccaccagcac caggbcaggc -tggaagccab aggccagggg cagcaccaag 360 

cccaagabgc agcbcaggaa accaccggbc abcacbggca gtggcgbgga gacabggaac 420 

atggataggg cagccgccbc cttgocccbg abgttcagcc acagacbcoi: cccgbcatgg 480 

gcg 483 
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<210> 8 

<211> 483 

<212> DKA. 

<213> Homo sapiens 



<400> 8 
cgt:gcggtgb 


calibtc^cg gtgtaaatgc 'bcccacc'tbg gccgat:-b-bca agccaccagg 


60 


^aggatggc 


ackgcciacat: ot'bccactiga ggctccsigci: gccctelicag gtacateagg 


120 


gcctggacgt: 


cctetgggga ggcoacagag gaagggccta ggctiaggagg ^gcctcbcca 


180 


tt:cagcaccc 


gggccaggat: ccctgctagc tggggtgtgg agttctcctc caggagggcc 


240 


aggacbcggc 


ccccbgccag cccccgaago a-t-bgcagcca ggagligcagc gtigggggccc 


300 


tgcaggcca'b 


ggccaggccc cagcgccsacc agcaccaggi^ caggcbggaa gccatiaggcc 


360 


^999r9cagca 


ccaagcccaa gatgcagc^c aggaaaccac cgg'tca-bcac li-bgcag^ggc 


420 


glxrgagaca^ 


ggaaca^ga t:agggcagcc gcctcct:t:gc ccctga^glst: cagccacaga 


480 


cbc 




483 



<210> 9 

<211> 610 

<212> DMA 

<213> Homo sapiens 



<220> 

<221> mlsc_fea'ture 

<222> (313) . . (313) 

<223> n==a, g or t 



<400> 9 

aagc-btgcgg ccgcggggcg ctggcgtgcg gtgtcatttc tgcggtgtaa a-bgc1:cocaG 60 

cttggccgat: iiteaagccac caggtgagga tggcactgca acatcttcca ctgaggctcc 120 

agctgcccte tcaggtacat cagggcctgg acgtcctctg gggaggccac agaggaaggg 180 

cckaggci^g gagg-bgocbc t:ccsat^t:cagc acccgggcca ggatccctgc tagct:gggg-k 240 

gtiggagttct ggaccagggg cgaagacgga agcagtcact ggtcob-bccc cbcg^occac 300 
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cccg'caigca.c ct n ca ccctg ccca.g'cb'bac cbcc^cca^g^ agggccagga. ctcggccccc 360 

tigccagcccc cgaagcatt:g cagccaggag bgcagcgiigg gggcccbgca ggcca-bggcc 420 

aggccccagc gccaccagca ccagg'bcagg cbggaagcca taggccaggg gcagcaccaa 480 

gcccaaga^g cagcbcagga aaccaccgg't cabcactggc agi:ggcgtgg agacatggaa 540 

ca-tggaliagg gcagccgcct cctttcccct gatgttcagc cacagactcc cgtcatgggc 600 

gaggtctgga 610 

<210> 10 

<211> 560 

<212> DHA. 

<213> Homo sapiens 



<220> 

<221> mi8c_£eat.ure 

<222> (458) . . (458) 

<223> ns^a, c, g or t 



<400> 10 






tgcgg1:gtaa 


a-bgctcccsac ct:t:ggccga'b 1:t:caagccac cagg-bgagga tggcac^ca 


60 


acatc'b'tcca 


ctgaggctcc agctgccckc -bcaggtacat: cagggccbgg acgt:oo'kc1:g 


120 


OT9&99ccac 


agaggraaggg ccbaggcbag gagg-tgccbc -kcca'b'kcagc acccgggcca 


180 


gga-tccctgc 


tagct^gggt: g-bggagt'bci: ggaccagggg cgaagacgga agcagt:c3act: 


240 


ggt:cc'b-tccc 


ctcgbcccsac cccgcagcac cbccaccc^ cccagc'b'tac cbocbccagg 


300 


agggccagga 


ctcggccccc tgccagcccc cgaagcatt:g cagccaggag tgcagcgtgg 


360 


gggccctgca 


ggccatggcc aggccccagc gccaccagca ccagg'bcagg ctiggaagcca 


420 


t^ggccaggg 


gcagcaccaa gcccaagai:g cagcl:canga aaccaccggt: ca-tcacbggc 


480 


agtggcgtgg 


agacatiggaa ca-bggatagg gcagccgccb cciilxrccccls ga-bgt^-bcagc 


540 


cacagactcc 


-bcocgtcatg 


560 
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<210> 11 

<211> 445 

<212> DNA 

<213> Homo sapiens 



<400> 11 








atgctcccac ct:'t:ggccga't t:t:caagccac cagg'tgagga t:ggcact:gca 


60 


acatobtcca 


ctgaggctcc agctgcccbc ^caggtaca-b cagggccbgg acgtecl^ct^g 


120 


gggaggccac 


agaggaaggg cct:aggct:ag gaggtgcctc iiccabi^cagc acccgggcca 


180 


gga'tccciigc 


tiagctggggb gtggag'b'bci: ccbccaggag ggccaggact: cggcccccixr 


240 


ccsagcccccg 


aagcattgca gccaggagtg cagcgtgggg gcccbgcagg ccatggccag 


300 


gooccagcgo 


caccagcacc agg^caggct ggaagccaiia ggccaggggc agcaccaagc 


360 


ccaagatgca 


gctusaggaaa ccaccggiica bcactggcag tggcgtggag aca-bggaiaca 


420 


bgga-tagggc 


agccgccbcc 't'tgcc 


445 



<210> 12 

<211> 432 

<212> DKA 

<213> Homo sapiens 



<400> 12 

'tgcgg^bgtaa a-bgcbcccac ct-bggcGga-b 'tticaagcaaG cagg-bgagga bggcacbgca 60 

aca'tc't'tcca cbgaggcbcc agcbgcccbc bcaggbacat; cagggccbgg acgtecbcbg 120 

gggaggccac agaggaaggg cc-baggctag gaggtgccl^c tecat-bcago acccgggcca 180 

gga'bccctigc tagctggggt gtggagttct ccbccaggag ggccaggacb cggccccctg 240 

ccagcccccg aagcaiibgca gccaggagtg cagcgtgggg gccctgcaag ccatggccag 300 

gccccagcgc caccagcacc aggtcaggct ggaagccata ggccaggggc agcaccaagc 360 

ccaagatgca gctcaggaaa ccaccggtca tcactggcag tggcgtggag acatggaaca 420 

tggatagggc ag 432 



wo 02/30970 



PCT/EPOl/11759 



-19- 

<210> 13 

<211> 483 

<212> DNA 

<213> Homo sapiens 



<400> 13 
tgcggtgtaa 


a1:gct:cccac cttggccgat t:t:caagccac caggtgagga tiggcactgca 


60 


acat:ctteca 


cbgaggctec agctigcccte t:caggt:acat: cagggcclxrg acg^cctic'tg 


120 


gggaggocac 


agaggaaggg cctaggcbag gaggtgcctc bcca1:t:cagc acccgggcca 


180 


gga-bccc^c 


tiagctggggb gtggagbtel: cci:ccaggag ggccaggact: cggccccctg 


240 


ccagcccccg 


aagca-btgca gccaggagt:g cagcgtgggg gccc-kgcagg cca-bggccag 


300 


gccccagcgc 


cacoagcacc agg^oaggcb ggaagccate ggccaggggc agcaccaagc 


360 


ccaaga'tgca 


gcbcaggaaa ccaccggtea tcacbl^gcaa gl^ggcgtgga gaca^gaac 


420 


a-bggabaggg 


cagccgcc-bo cb-tgcccc-tg abg'k'tcagcc acagactccb cccg^ca'bgg 


480 


gcg 




483 



<210> 14 

<:211> 373 

<212> D»A 

<213> Honio sapiens 

<400> 14 

tgcgg^gtaa a'tgct:cccac cttiggccga-b 'bbcaagccac caggt:gagga bggcactgca 60 

aca'bob'booa o-tgaggcbco agctgccctc 'tcagg'tacat: cagggccbgg acgt^ccbcbg 120 

gggaggccac agaggaaggg cctaggctag gaggtgcctc tccattcagc acccgggcca 180 

ggatccctgc tagctggggt ggtgagttct cctccaggag ggccaggact: cggccccctg 240 

ccagcccccg aagcat:t^gca gccaggagtg cagcgbgggg gcccbgcagg cca-bggccag 300 

gccccagcgc caccagcacc aggbcaggcb ggsiagccaiia ggccaggggc agcaccaiagc 360 

ccaagatgca get 373 
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<210> 15 

<211> 400 

<212> DNA. 

<213> Homo sapiens 



<220> 

<221> nd.scjfea'fcure 

<222> (180) . . (180) 

<223> n==a, c, g or t 



<400> 15 



agcgcroogcg gggcgclxrgc gtgcggbgtic 


a^btetgcgg 


tgtaaatgci: 


cccaccb-bgg 


60 


ccga'b'btoaa gccaccaggb gagga'tggca 


c^gcaacabc 


ttccactgag gctccagctg 


120 


cccbcbcagg t:acabcaggg cc'tggacg'bc 


ctckggggag 


gccacagagg 


aagggcctan 


180 


gctaggaggl: gcctcbccat t:cagcacccg 


ggccaggat:c 


cctgctagct 


ggggtgtgga 


240 


gt'tc'bcc'kcc aggagggcca ggactcggcc 


ccctgccagc 


ccccgaagca 


-t-tgcagccag 


300 


gag'tgcagcg ^ggggcccb gcaggcca-bg 


gccaggcccc 


agcgccacca 


gcaccaggbc 


360 


atgctggaag ccat:aggcca ggggccacac 


caagcccaag 






400 



<210> 16 

<211> 338 

<212> DMA 

<213> Homo sapiens 



<400> 16 

tgcggt:gt:aa abgctcccac cb-tggccgai: 'bbcaagccac caggbgagga ^gcactgca 60 

acal^c-bbcca cligaggcticc agdigcccbc teaggbacai: cagggcctgg acgtcctcl^g 120 

gg0&9gccac agaggaaggg ccbaggctag gaggligccbc -bccai:1:Gagc acccgggcca 180 

ggateccbgo tagctggggb gt:ggagtt:c-b ccticcaggag ggccaggact cggccccclig 240 

ccagcccccg aagca'b'bgca gccaggagtg cagcgtgggg gccctgcagg cca-bggccag 300 

gccccagogc caccagcaco aggbcaggct ggaagcat: 338 
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<210> 17 

<211> 334 

<212> DKA 

<213> Homo sapxens 



<400> 17 
"bgcggiig^aa 


a'tgc'tcccac 


ct-tgggcgat: 'btcaagccac cagg'tgagga 'bggcac'bgca 


60 


aoate'tl^cca 


c'tgaggo'too 


agctgcccbo 'tcagg'taca't cagggoot;gg acgtecbobg 


120 


gggaggfccac 


agaggeiaggg 


cc^ggcbag gaggi:xfcct:c t^cca^-bcagc acccgggcca 


180 


gga-bccciigc 


bagc-bggggt 


g^gag'b'bct: ccbccaggag ggccaggact cggccccotg 


240 


ocagcccccg aLagcsa-k-bgca 


gccaggagbg cagcgbgggg gccctigcsagg ccat:ggccag 


300 


gccccagcgo 


caccagcacc 


agglicaggcb ggaa 


334 



<210> 18 

<211> 329 
<212> 

<213> Homo sapiens 



<400> 18 

tgaggtg-taa a^gctcccac 


cttggccgali 


1s1:caagccac caggtgagga 


tggcact:gca 


60 


acabc^tcca ctgaggctec 


agct:gcccte 


'bcaggtacat cagggccbgg 


acg^octctg 


120 


gggaggccac agaggaaggg 


ccbaggctag gaggt:gcc1:c -tcca't'tcagc 


acccgggcca 


180 


gga'bccc'hgo bagcbgggg^ 


gtggag'b'tc'b 


cctccaggag ggccaggaci: 


cggcccccbg 


240 


ocagcccccg aagca-b1:gca 


gccaggagtxf 


cagcg'bgggg gcccbgcagg cca'bggccag 


300 


gccccagcgc caccagcacc 


agg1:caggc 






329 



<210> 19 

<211> 336 

<212> DNA 

<213> Homo sapiens 



<400> 19 

tgcgg^g1:aa a1:gc^cccac ck-tggccgat: i:i:caagccac caggtgagga isggcactgca 



60 
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cxy ^ >ny ^^^^^^ 


wwctyy&dwc&w w<5ty y y WW ^y y ctwy ia>ww i«w i^y 


120 


^ ^ fcj^ggcG^w d^ciY? ^ y y 


WW i^ciy y w w»cty 


ycftyy wywwww wwwAWbwciyw cLwwwy y y w w<x 


1 80 


9^ci^CCC ^g^c uoy c uy y gy k> 


y kiyyay ^wCw 


WW VtfWwAy yay yy wwayyac w wy y ggwGC ^y 




ccagcccccg aagcat:tgca 


gccaggagbg 


cagcgbgggg gccckgcagg cag-Lggccag 


300 


gcccoagcgc caccagcaco 


aggteaggcl: 


ggaagc 


336 


<210> 20 








^A^X^ ^ o *■ 








A A ^JM!%X^ 








^213^ Homo san3-@n.a 








<400> 20 

ay yCy CC^C u> CCau.^Co.yCa 


wwuy y y w weiy 


yabwwwuyc w a>y cwyyygug wggay U uC uC 




w^ccayy y cuAy y aw* l>w 


y y www WW by w 


f^sif%f^f*f^f^c*nsk an'/^sk^^^/%9^v ^non/vo#v^/v^ 
woy wwwwwyci ay wA \^ u>y wcxy wwagyay wyw 


1 20 


ayCybyyyyy cwut^^cayyc 


wct fc»y y wwqy y 


wwwvSa>^wyww aw way wdCCct y y wccty y w 


180 


gaagcca-bag gccaggggca 


gcaccaagcc 


caaga'bgcag ctcaggaaac caccggbcat 


240 


oaotggcag-k ggcgtggaga 


catggaaoa^ 


gga'tagggca gccg 


284 


<210> 21 








<211> 282 








<212> DMA. 
















<400> 21 

agg^cctel^ ccat-bcagca 


cccgggocag 


gai:ccct;gct agctggggtg 'bggagli'bcto 


60 


c^ccaggagg gccaggacto 


ggccccctgc 


cagcccccga agcatbgcag ccaggagtgc 


120 


agcg'tggggg cccligcaggc 


catggccagg 


ccccagcgcc accagcacoa gg^caggctg 


180 


gaagcca-tag gccaggggca 


gcaccaagcc 


caagabgcag cbcaggaaac caccggbcat 


240 


cac't'bgcagt: ggcg-bggaga 


catggaaca'b 


ggat:agggca gc 


282 
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Present claims 8, 9, 13-17, 33, 42, 52, 58-60, 62 and 68-71 relate to 
reagents (and methods using these reagents), defined by reference to a 
desirable characteristic or property, namely a) the ability of said 
reagents to bind to a polypeptide comprising an ami no-acid sequence at 
least 52% identical to SEQ ID N°2 or to a product (protein, RNA) encoded 
by SEQ ID N^'l (claims 8, 9. 13, 33, 42, 52, 58-60, 62), or b) the ability 
to modulate the function or activity of a human hi stone deacetylase 
(claims 14-16, 68-71). 

The claims cover all compounds having this characteristic or property, 
whereas the application does neither provide support within the meaning, 
of Article 6 PCI nor disclosure within the meaning of Article 5 PCI. In 
the present case, the claims so lack support, and the application so 
lacks disclosure, that a meaningful search over the whole of the claimed 
scope is Impossible. 

Independent of the above reasoning, the claims also lack clarity (Article 
6 PCT). An attempt is made to define the reagents by reference to a 
result to be achieved. Again, this lack of clarity in the present case 
is such as to render a meaningful search over the whole of the claimed 
scope impossible. 
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claims which appear to be clear, supported and disclosed, namely those 
parts relating to : polynucleotides comprising the sequence SEQ ID N^:l 
or encoding a polypeptide of sequence SEQ ID N°:2; fragments of, products 
(nucleic acids and proteins) encoded by, and vectors containing said 
polynucleotides; polypeptides comprising the sequence SEQ ID N°:2; 
screening methods using said polynucleotides or products encoded by 
these. Reagents able to bind or inhibit polypeptides comprising a 
sequence at least 52% identical to SEQ ID N'^:2 were searched as 
antibodies directed against peptides having a sequence comprised in SEQ 
ID N'^:2. Reagents able to bind polynucleotides comprising SEQ ID N°:l 
were searched as anti sense or ribozyme ollgo- or polynucleotides 
comprising a sequence complementary to SEQ ID N^:l or a fragment thereof. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority 1s normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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